International Journal of Power Electronics and Drive System (IJPEDS)
Vol. 16, No. 3, September 2025, pp. 1687~1700
ISSN: 2088-8694, DOI: 10.11591/ijpeds.v16.i3.pp1687-1700 O 1687

A model predictive control strategy for enhance performance of
totem-pole PFC rectifier

Le Chau Duy, Nguyen Dinh Tuyen
Faculty of Electrical and Electronics Engineering, Ho Chi Minh City University of Technology (HCMUT), Ho Chi Minh City, Vietnam
Vietnam National University Ho Chi Minh City (VNUHCM), Ho Chi Minh City, Vietnam

Article Info ABSTRACT

Article history: This paper proposed a simple but effective finite control set-based model
. predictive control (FCS-MPC) method to control a totem-pole bridgeless

Received Oct 22, 2024 boost PFC rectifier (TBBR). The control algorithm selects from the possible

Revised May 20, 2025 switching states an appropriate one that fulfills a predefined cost function.

Accepted Jun 3, 2025 This method also successfully eliminates the zero-crossing current distortion

so that the grid current can synchronize well with the grid voltage. The

theoretical analysis was presented and verified by simulation. Finally, a
Keywords: 3.3 kW/400 Vdc prototype was fabricated and investigated through various
working conditions to realize the effectiveness of the proposed control
strategy. Both simulation and experimental results show that the proposed
control method can ensure accurate control of DC link output voltage and

Model predictive control
On-board charger

Power factor correction sinusoidal input current with unity power factor.
Total harmonic distortion
Totem-pole bridgeless This is an open access article under the CC BY-SA license.

Corresponding Author:

[©NoloN
Nguyen Dinh Tuyen

Faculty of Electrical and Electronics Engineering, Ho Chi Minh City University of Technology
268 Ly Thuong Kiet St., Ward 14, District 10, Ho Chi Minh City 70000, Vietnam
Email: ndtuyen@hcmut.edu.vn

1. INTRODUCTION

Nowadays, the ongoing revolution of electric vehicles (EV) quickly carries out a production ramp-
up, propelling us towards a cleaner and more sustainable transportation landscape, in which there is an
essential component that silently but indispensably underpins this progress: the onboard charger
(OBC) [1], [2]. This component acts as a versatile bridge, seamlessly transforming the available alternating
current (AC) power from our homes and public charging stations into the direct current (DC) energy [3]-[5].
Despite its seemingly simple function, the OBC encompasses a complex configuration that balances power
handling capabilities, efficiency, and cost-effectiveness. Since the OBC's operation begins with receiving AC
power, a power factor correction (PFC) rectifier is a must for achieving a unity power factor so that all the
energy drawn from the AC mains can be put into useful work [3]-[5]. Various approaches exist, with each
offering trade-offs between efficiency, cost, and size. Among them, a specific topology, known as the totem-
pole boost PFC, stands out for its ability to deliver exceptional efficiency and power density, making it a
compelling choice for various applications [6]-[10]. Traditionally, the boost PFC rectifier operates with the
aid of the diode bridge rectifier, which introduces some inherent limitations. To address this, the totem-pole
bridgeless boost PFC rectifier (TBBR) was devised to eliminate the diode bridge altogether, such that the
line-frequency switching MOSFETS are used for rectification; however, it needs more sophisticated control
algorithms to ensure proper operation and maintain efficiency across a wider range of operating conditions.

In particular, traditional proportional-integral (PI) and proportional-resonant (PR) controllers [11]-
[18] are widely adopted for voltage and current regulation but suffer from phase delays and complex tuning
procedures. These issues lead to poor tracking of sinusoidal current references, especially under dynamic
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load conditions. Moreover, such methods are ineffective in mitigating current distortion near grid voltage
zero-crossing points, which negatively impacts input current total harmonic distortion (THD) and overall
power quality. In the situation of a PI controller, at first, the DC-side voltage is obtained, then compared with
the reference voltage. Subsequently, the error is processed through a Pl regulator, which is configured to
generate an error-adjusted command synchronized with the line frequency. Later, the input current reference
is determined by the output of the voltage regulator and the AC current signal in the same manner. The
current regulator ensures that the input current tracks the reference current until it achieves the desired level.
However, the PI controller works well for only DC reference, while it frequently can't be adequate
maintained performance if the command is a sinusoidal signal, since the inner PI controller loop introduces a
phase delay when tracking the sinusoidal current waveform. The PR controller can resolve the issue, but the
design parameters of the PR controller are complicated to fit in varying line frequency [19]-[21]. Several
control methods are applied for the PFC to improve the converter dynamics, such as: sliding mode control
[22]-[24], hysteresis control [25], [26], fuzzy-logic control [27]. However, with the quick evolution of power
devices and digital processors, the PI controller, sliding mode control, and hysteresis control face competition
from the predictive control strategies, which offer simpler in concepts, easier implementation, and superior
dynamic performance.

Basically, the single-phase TBBR has high-frequency switching MOSFETSs on one leg (Q1 and Q)
and line-frequency switching MOSFETSs on the other leg (S1 and Sz) as shown in Figure 1. Its operating
principle during both positive and negative half cycles of the AC input voltage is determined by the
switching sequence. During the positive half cycle, S is the control switch and S; is the synchronous switch;
simultaneously, Q: is turned on and Q is always inactive. When switch S, is turned off, the AC source
charges the inductor L, while the output capacitor C, discharges through the load to maintain a regulated
voltage at the output. When switch S; is turned on, the inductor L, discharges the stored energy, generating a
current that charges the output capacitor C,. During the negative half cycle, the operation of the TBBR is
similar except the role of switches is swapped, where S; becomes the main switch and S; turns into a
complementary switch, meanwhile Q- is turned on, leaving Q: inactive.

As described, the TBBR has a simple configuration, and its operation depends on the possible
combinations of the on/off switching states of the high-frequency switches. Subsequently, the control
algorithm for TBBR can be simplified as selecting from the possible switching states an appropriate one that
fulfills a predefined condition. By taking into account the finite set of possible switching states (only 2
applicable sets), it is suggested that finite control set model predictive control (FCS-MPC) is a very powerful
concept for designing controllers. The main advantage of this control strategy is that the switching states are
directly considered as the control input so that modulation stages are deducted from the overall system.
Moreover, it also has fast dynamic response, as well as easy inclusion of nonlinearities and constraints in the
design of controller, making it popular in digital control of power converters. Based on discrete model of the
converter, the FCS-MPC evaluates a cost function in accordance with the control objectives by enumerating
all possible combinations of switching states over a finite horizon. The switching state that results in the
minimal value for the cost function is selected as the best switching state within the next switching cycle.
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Figure 1. Configuration of a single-phase totem-pole bridgeless boost PFC rectifier (TBBR)

While FCS-MPC has demonstrated benefits in various power electronic applications, its use in
TBBR systems remains relatively unexplored—particularly with regard to addressing zero-crossing distortion
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and maintaining simplicity in control design. To fill this research gap, this paper proposes a novel two-step

prediction horizon FCS-MPC strategy tailored for the TBBR. The main contributions of this work are as

follows:

— Development and implementation of a two-step horizon FCS-MPC algorithm that eliminates the need for
modulation stages, offering faster dynamic response and simplified control structure.

— Effective mitigation of zero-crossing current distortion, resulting in improved power quality and cleaner
input current waveforms.

— Experimental validation using a 3.3 kW, 400 Vdc hardware prototype under both nominal and disturbed
grid conditions, demonstrating the practical feasibility of the proposed method.

— Achievement of power factor >0.99 and input current THD <5%, fully compliant with IEC-61000-3-2
Class A standards.

This paper is conducted as follows: i) Section 2 discusses the operating principles of the TBBR and
limitations of conventional Pl-based controllers ii) Section 3 presents the proposed FCS-MPC approach,
including a mathematical predictive model, cost function design, and the optimization routine; iii) Section 4
provides affirmative simulation as well as experimental results that validate the effectiveness of the proposed
control strategy; and iv) Finally, section 5 concludes the paper and outlines future research directions.

2. ANALYSIS OF CIRCUIT OPERATION
2.1. Analysis of TBBR converter

This section analyzes the continuous-time operation of the TBBR according to Kirchhoff’s laws
during both positive and negative half cycles as shown in Figures 2(a) and 2(b), respectively, in accordance
with the control switches actions to formulate the future grid current prediction as a function of its present
and previous values.

As shown in Figure 2(a), during the positive half cycle, in the interval that S; is off, a mesh with the
inductor Lg, the switch Sy, the switch Q1, and the grid voltage source v is formed and result in the differential
equation, as (1).

di vg dv, 1
_L=_9;_0=__v0 (1)
dt Ly’ dt RLCo

Contrastingly, in the interval that S» is on, the current flows through the switch S, and the switch Qi to the
output capacitor and load, which yields as (2).

diy, 1 vg dv 1, 1
—=——v, + 9.%% _ - (2)
dt Lg Lg

Likewise, during the negative half cycle (as can be seen in Figure 2(b)), in the interval that S; is off, the
current flows through the switch S; and the switch Q2 to the output capacitor C, and load R;. The expressions
that describe this behavior as (3).

i _ 1 Yo, o _ _ 1, L 3)

= =—=i, ——7
at Ly ° Ly’ L Ric, ©

dt Co

Conversely, in the interval that S, is on, the input current flows through the switch S, and the diode
Q2, while the output voltage v, is held steady by the output capacitor C,. This operation can be expressed in
terms of (4).

dij, Vg dvg 1
_=_;—:——‘U0 (4)
dt Ly dt RLCo

Otherwise, applying forward Euler’s method to the current change expression ‘Z—i: and voltage change

expression % for the sampling time ts, the discrete-time approximation can be obtained as (5).

= ; =

dip, _ i (k+1)-ig(k) dve _ vo(k+1)-vo(k) (5)
dt ts dt ts

Where ‘k’ represents the current step and ‘k + 1’ represents the next step.

2.2. Conventional PI controller for power factor correction
A conventional pulse width modulation (PWM) algorithm was presented for generating the gate
driving signals of high frequency switching devices. The controller consists of two control loops: the voltage
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loop controller which regulates the output voltage of the TBBR and the current loop controller which makes
the grid current waveform to be identical to the grid voltage waveform. In voltage loop, the DC output
voltage is attained and subtracted from the derived DC output voltage, and the error lately passes through a
Pl controller to acquire the equivalent input conductance of the converter. The grid current reference is
generated by multiplying the equivalent input conductance with the adjusted grid voltage to serve as the input
of current loop. In the current loop, another PI controller varies the duty cycle of the switches until the grid
current reaches the reference signal. To improve the quality of current control, a duty-ratio feedforward is
introduced and combined with the output of current loop controller. The complement of duty-ratio
feedforward allows the PI controller to adapt only a small value of input current error, and thus low input
current distortion can be maintained by avoidance of high controller gain. The schematic diagram of voltage-
current loop PWM controller including duty-ratio feedforward is presented in Figure 3.
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Figure 2. Current flows in TBBR during (a) positive half cycle and (b) negative half cycle
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Figure 3. Control diagram of voltage-current loop PWM controller for TBBR

3. PROPOSED FCS-MPC FOR POWER FACTOR CORRECTION

The proposed PFC control diagram for TBBR is shown in Figure 4. An FCS-MPC scheme is
employed to generate the driving signals for high-frequency switches. By selecting a proper cost function, the
output voltage V, can be regulated, and the power factor correction of the input current i can be realized.
FCS-MPC offers precise and dynamic control of the high-frequency switches, allowing for fast response to
load changes and grid disturbances, which ensures efficient power conversion and minimizes energy losses.
Besides, the conduct time of the line-frequency switches is determined by a zero crossing detection (ZCD)
scheme, where the grid voltage is sampled and evaluated to generate the switch gating signals. By ensuring
proper synchronization with the grid frequency, ZCD minimizes the risk of malfunction and power quality
issues. The detailed implementation of the FCS-MPC will be illustrated in the following:

3.1. Predictive current model
The predicted grid current in the instant ‘k + 1’ with respect to the positive half cycle is as (6),

iU +1) = iy (k) = 28,w,(0) + 2w, (k), S, €{0,1} (6)
and, for the negative half cycle, the predicted inductor current is as (7).
i O +1) = iy (k) +28,0,(0) + 2w, (k), S, €{0,1} ©)

In the same manner, the predicted grid current in the instant ‘k + 2’ can be obtained as (8).
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i (k+2)=i(k+1)— tL—SSZUO(k +1)+ tL—Svg(k +1), S, €{0,1} ©)
With v, (k + 1) = v, (k) + é—SiL(k) - ;Tsvo(k), and as (9).
i (k+2)=i(k+1)+ %Szvo(k +1)+ %vg(k +1), S,€{0,1} 9)

With vo(k + 1) = v, (k) — é—SiL (k)ts — ;Tsvo (k). The predicted grid voltage v, (k + 1) is a prerequisite for

this course and can be estimated by using a second-order extrapolation regarding the present and previous
values.

vg(k +1) = 3v,(k) = 3v,(k — 1) + v, (k — 2) (10)

3.2. Reference current estimation

As mentioned previously, the control algorithm for TBBR should drive the grid current i, perfectly
in phase with the grid voltage v, so that the maximum power transfer can be realized regarding to unity
power factor. Applying the time-domain power theory (FBD method), which esteems the TBBR as a

conductance from the perspective of mains electricity, the grid current reference i["’f can be established as (11).

i =22, (11)
g
Where P, is the desired DC output power and V is the nominal rms value of the grid voltage. Transforming
into discrete form, (11) can be rewritten as (12).

i (k) = j—gvg (k) (12)

Obviously, the grid current reference value is linearly scaled to the change of output power P,, and
inherently adjusted regarding the operating condition. Moreover, the waveform of the grid current reference
should correspond to the waveform of the grid voltage consistently. As the grid voltage contains redundant
harmonics, digital passive filters need to be put into effect, in which the grid current reference exclusively
keeps track of the fundamental harmonic of the grid voltage. Then, the grid current reference can carry on a
true sinusoidal waveform despite the distortion in the electric power line.

3.3. Cost function and optimization approach

The two-step prediction FCS-MPC strategy predicts the behavior of the TBBR on the next two
sampling intervals with two primary objectives: i) accurate tracking of the reference grid current i, for power
factor correction and output voltage regulation, and ii) minimization of grid current harmonics to improve
power quality. To achieve these objectives, the cost function associated with the two-step prediction is
expressed as (13).

_ 2 [;ref . . ~12 . . , , 2
] = Zi=1[1L (k+0D)—i,(k+ l)] + plipk+1) —i(k+i—1)] (13)
Vu“‘)dl
Reference —;I' et 1)
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Figure 4. Proposed PFC control block diagram of TBBR
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The first term, which minimizes the error between the predicted grid current i, (k + i) and its
reference i[ef (k + i), ensures that the converter delivers the required power to regulate the output voltage
properly. Without this term, the grid current would not follow the desired trajectory, leading to poor voltage
regulation. The second term penalizes rapid variations in the grid current, reducing high-frequency harmonics
and ensuring a smooth waveform. Without this term, the controller may aggressively switch states, causing
high THD and instability in power delivery. By combining both terms, the cost function enables a well-
regulated output voltage while maintaining a low-distortion grid current. The sequence minimizing the cost
function is selected and employed in the TBBR during the next sampling interval.

The weighting factor 4,, in the cost function of FCS-MPC plays a crucial role in balancing current
tracking accuracy and harmonic minimization, directly influencing output voltage regulation and power
quality. Its tuning is essential, as an overly small 4,, leads to fast but noisy current tracking with high THD,
while an excessively large A, results in a smoother current but slower response to load changes. A practical

approach to estimating 4,, is given by the formula 4,, = % where L (grid inductance) affects natural current
sYo

smoothing, t, (sampling time) determines control reaction speed, and V, (output voltage) influences power
transfer stability. The empirical factor k (typically between 0.1 and 1) is adjusted through simulation and
experimental validation to achieve an optimal trade-off. Higher L naturally smooths current, allowing a lower
A, Whereas shorter t; improves control accuracy, reducing the need for additional smoothing. A higher V,
increases power fluctuations, necessitating a larger A, for better stability. A well-optimized 4, ensures low
THD, fast output voltage stabilization, and compliance with power quality standards.

Current references i,fef at future time steps ‘k + 1’ and ‘k + 2’°, which is adapted from (11), can be
derived by extrapolating from past and present reference values and finally show up in (14) and (15).

i (k + 1) = 20, + 1) = 72 [3u, (k) — vy (k — 1) + v,k — 2)] (14)
i (e +2) = vy (k + 2) = 25 [6v,(k) — 8y (k — 1) + 31, (k — 2)] (15)
g 9

Due to a very small prediction horizon of FCS-MPC (N = 2) as well as admissible switching states
(S = 2), the exhaustive search is a useful method to solve the minimization problem exposed by (13). This
method enumerates all possible solution sets and checks each one to see if it satisfies the problem's
conditions. The one with the smallest cost is chosen as the control input. For every time-step, the algorithm
obeys the following steps: i) Determine all possible switching states over the prediction horizon; ii) For each

of these switching states, compute the predicted grid current i[ef according to (6)-(9) and the predicted grid

current reference izef according to (14) and (15); iii) For each switching state, compute the cost J according
to (13); and iv) Choose the switching state which minimizes the cost and apply to the TBBR. The procedure
for selecting the optimal switching sequence is summarized in Figure 5.

3.4. Analysis and challenges of FCS-MPC

Unlike conventional linear controllers, FCS-MPC is inherently nonlinear and operates in a discrete-
time domain, making stability analysis more complex. However, stability can be assessed through Lyapunov-
based methods, where a Lyapunov candidate function was selected based on the deviation of the state from
its reference, as in (16).

1/, , 2
V() =2 (1K) = e (K) ) (16)
The difference in the Lyapunov function between two successive time steps is as (17).
AV =V(k+1) - V(k) 17

Substituting i; (k + 1) from the system equation, as (18).

AV =2 (1,0 + 1) = iy ep G + D) = 2(0,00 = e () (18)

FCS-MPC selects the control action that produces the smallest predicted error in future states, ensuring that
the deviation from the reference is reduced in each step. It follows that, as shown in (19) and (20).
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|t + 1) = iprer (k + D] < [ip (k) = ipyer ()] (19)
Which implies as (20).
AV=V(k+1)-V(k)<O (20)

Thus, the Lyapunov function is monotonically decreasing, proving asymptotic stability. The weighting factor
A, helps in ensuring a smooth current response, further preventing instability. To further enhance stability,
adaptive tuning of A, can be implemented, where its value is adjusted dynamically based on system
conditions. Additionally, implementing constraint handling (such as current limits) ensures that the controller
does not drive the system into unstable regions.

The implementation of FCS-MPC imposes significant computational requirements due to the need
for real-time current prediction, cost function evaluation, and optimal switching state selection within each
control cycle. Unlike traditional controllers such as Pl or PR controllers, which rely on simple algebraic
calculations, FCS-MPC requires solving discrete-time system equations and evaluating multiple switching
scenarios at each time step. The computational burden increases with the prediction horizon and the number
of switching states considered. In this study, a two-step prediction horizon with two possible switching states
per step results in an acceptable computation time. To meet these demands, high-speed digital signal
processors (DSPs) or field-programmable gate arrays (FPGAs) are often required. The sampling time
determines the maximum allowable computation time per cycle so that if the execution time exceeds this
limit, the controller will fail to update switching states in real time, leading to performance degradation. Once
settled, FCS-MPC provides ability to directly optimize switching decisions without requiring a modulation
stage, offering superior dynamic response and power factor correction.

Determine all possible
switching sequences S,

Initialize

Jy=wo&S

opt = opt ~

0

Yes
Predict i; using (6)-(9)
and i, using (13)-(14)

Evaluate optimization
Sfunction using (12)

Sop = (1)
Sop = 8(0)

Figure 5. The procedure for the exhaustive search optimization approach

4. RESULTS AND DISCUSSION
4.1. Simulation results

To validate the theoretical analysis, a 3.3 kW TBBR has been designed using PSIM®, where the key
parameters of the converter are listed in Table 1. The corresponding gating signals of all active switches
during one grid cycle are displayed in Figure 6. Figure 7 shows the steady-state waveform of the grid-side
current i, and grid-side voltage v, at full load with the implementation of the FCS-MPC method. It indicates
that the TBBR achieves a high-power factor of around 0.99 with a low input current THD of 2.67%
approximately.

4.2. Experimental results

To verify the theoretical results of the system, some experiments were conducted using the 3.3 kW
totem-pole bridgeless boost PFC converter prototype. The key parameters of this prototype are shown in
Table 2. Parameters used in the experiment had a slight tolerance during the operation, and the optimal
tuning value A, achieved through the simulation was recalculated and applied to the experiment.

A model predictive control strategy for enhance performance of totem-pole PFC rectifier (Le Chau Duy)
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Figure 8 illustrates the entire structure of the proposed totem-pole PFC rectifier system. The
TMS320F28379D DSP collects voltage and current signals via ADCs, processes them through a predictive
model and cost function minimization, and generates optimized switching states for the driver board to
achieve high power quality. The computation time for the proposed method is 12.2 us. All electrical
responses were observed and evaluated by a digital oscilloscope (Siglent SDS2104X Plus) to perceive the
overall system’s performance in reality.

Figures 9(a) and 9(b) shows the steady-state operating signals of the converter, including output
voltage (Chanel 1), grid voltage (Chanel 2) and grid current (Chanel 3), at rated power with resistive load of
50 Q and 100 Q, respectively in case of 180 Vrms/50 Hz input voltage. It can be seen that the zero-crossing
current distortion is mostly disappeared and the grid current can be well synchronized with the grid voltage.
However, the grid voltage contains some harmonic components, such that the power factor was measured to
be 0.992. The power factor is obtained at 0.984 since operation at a lighter load as shown in Figure 9(b). The
output voltage is regulated at 400 V with a decent fluctuation.

Figure 10(a) illustrates the steady-state operating signals of the converter supplied by residential
power lines of 220 Vrms/50 Hz and working at rated power with a resistive load of 50 Q. The input current is
carried out in phase with the input voltage such that the power factor can achieve the value of 0.995. It is
concluded that the FCS-MPC method shows a good power factor of well above 0.99 at full power regardless
the level of grid voltage. The output voltage of 400 V is well-regulated with acceptable DC-link voltage
ripple. Figure 10(b) demonstrates the steady-state operating signals of the converter supplied by residential
power lines of 220 Vrms/50 Hz and worked at half of rated power with a resistive load of 100 Q. By cutting
the power load down to 50%, it smooths out the DC-link voltage ripple so that the output waveform then
becomes quite flat. The grid-side power factor at 50% load condition was measured to be 0.988. This result
shows that the power factor threshold remains the same either when the converter works at full power load or
when it runs at half power load, which indicates the benefit of using FCS-MPC method.

Table 1. Parameters used for simulation Table 2. Parameters used for the experiment

Parameters Symbol Value Parameters Symbol Value

Input voltage Vinrms 220V Grid voltage (rms) Vin 180 V~220 V

Line frequency fq 50 Hz Line frequency fq 50 Hz

Line inductance Lg 3mH Line inductance Lg 3mH

Rated output power P, 3.3kwW Rated output power P, 3.3kwW

Rated output voltage Vo 400 V Rated output voltage  V, 400 V

Output capacitance Co 4000 pF Output capacitance Co 4000 pF

Sampling time Ts 10 ps Power switches S1, S2,Q1, Q2 NVHLO020N120SC

l';g‘

Ql

Qz}

Figure 6. Switching pattern of devices during one grid cycle
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Figure 7. Grid side waveforms during steady state at full load
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Figure 10. Experimental waveforms of TBBR in case of 220 Vrms AC input: DC output voltage (Chanel 1,
100 V/div), grid voltage (Chanel 2, 250 V/div), and grid current (Chanel 3, 50 A, div) with resistive load of
(a) 50 Q and (b) 100 Q

Figure 11 displays the input current THD analysis with the FCS-MPC method, where the converter
operates at 220 Vrms/50 Hz input and full load condition. Obviously, the amplitude of a particular harmonic
current satisfies its corresponding requirement prescribed in the IEC-61000-3-2 Class A standard. The total
harmonic distortion of the input current is smaller than 5%. A step load change from half to full load using a
resistive load is illustrated in Figure 12. The waveforms of the input voltage and current, as well as the output
voltage, confirm that the output voltage remains tightly regulated throughout the transient, with only a slight
and brief dip (5%~20 V). These results highlight the converter’s fast dynamic response and strong control
performance under sudden load variations.

As shown in Figure 13, the efficiency of the implemented PFC circuit has been measured across a
wide range of load power levels, from 0.3 kW to 3.3 kW. The results demonstrate that the circuit maintains
high efficiency throughout the entire operating range, with a minimum efficiency of 92.15% at light load and
a maximum efficiency of 98.82% at full load. This trend clearly indicates the strong performance of the
power stage under varying load conditions. Additionally, the input current THD was also measured and
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included in Figure 13 to provide a more comprehensive evaluation of the circuit’s power quality. The
measured THD values decrease from 12.39% at light load to 4.97% at full load, further supporting the
effectiveness of the circuit in shaping the input current.”
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Figure 11. Input current THD analysis with the FCS-MPC method, where the converter operates
at 220 Vrms/50 Hz input and full load condition
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Figure 12. The dynamic process of the TBBR when the load changes from 50% load to full load
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Figure 13. The performance of the proposed method for TBBR, including the efficiency and THD

From the experimental results, the proposed FCS-MPC control strategy demonstrated excellent
power quality performance across a range of operating conditions. Specifically, the system achieved a high
power factor of 0.995 at full load and maintained values above 0.98 at partial load, effectively minimizing
reactive power and fulfilling one of the core design objectives. Further, the input current THD remained
below 5%, thereby complying with IEC-61000-3-2 Class A standards, and confirming the method’s
capability in producing clean, sinusoidal current waveforms. Another significant achievement is the
elimination of zero-crossing current distortion, as evidenced by the experimental waveforms. The proposed
method successfully mitigated current spikes that typically occur around the zero-voltage crossing, which had
been a major challenge for traditional controllers and one of the primary motivations for this study.

5. CONCLUSION

This paper proposed a cost-effective control method based on two-step FCS-MPC for implementing
the power factor correction of the single-phase TBBR. Since it is an FCS-MPC-controlled converter, the
pulse width modulator is not necessary; alternatively, the switching sequence is determined by a predefined
cost function and predictive model deduced from system states. Accordingly, the discrete-time mathematical
expressions of single-phase TBBR are used to obtain predicted current in the next instants, and lately, the
cost function, which derives from reference current error and previous current error, is accomplished. Finally,
the sequence minimizing the cost function is fed into the high frequency switching devices. Based on the
relevant theories, a computer simulation is carried out with the results that the FCS-MPC-controlled TBBR
attains the near unity power factor with no current spikes at zero-crossing points. For practical validation, a
3.3 kW-400 Vdc prototype of TBBR was fabricated. The experimental results demonstrate that the converter
successfully provides the power factor of around 0.99 at both full load and half load condition, which
indicates the effectiveness of the proposed control strategy.

ACKNOWLEDGMENTS

We acknowledge Ho Chi Minh City University of Technology (HCMUT), VNU-HCM for
supporting this study.

FUNDING INFORMATION
Authors state no funding involved.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Int J Pow Elec & Dri Syst, Vol. 16, No. 3, September 2025: 1687-1700



Int J Pow Elec & Dri Syst ISSN: 2088-8694 O 1699
Name of Author C M So Va Fo | R D O E Vi Su P Fu
Le Chau Duy v v v v v v v v v v
Nguyen Dinh Tuyen v v v v v v v v v v
C . Conceptualization I Investigation Vi : Visualization
M : Methodology R : Resources Su : Supervision
So : Software D : Data Curation P : Project administration
Va : Validation O : writing - Original Draft Fu : Funding acquisition
Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT

Authors state no conflict of interest.

DATA AVAILABILITY

Derived data supporting the findings of this study are available from the corresponding author

[NDT], on request.

REFERENCES

[1]

[2]
B3]
[4]

[5]

[6]
[71
(8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

M. Y. Metwly, M. S. Abdel-Majeed, A. S. Abdel-Khalik, R. A. Hamdy, M. S. Hamad, and S. Ahmed, “A review of integrated on-
board EV battery chargers: advanced topologies, recent developments and optimal selection of FSCW slot/pole combination,”
IEEE Access, vol. 8, pp. 85216-85242, 2020, doi: 10.1109/ACCESS.2020.2992741.

H. Wouters and W. Martinez, “Bidirectional onboard chargers for electric vehicles: state-of-the-art and future trends,” IEEE
Transactions on Power Electronics, vol. 39, no. 1, pp. 693-716, 2024, doi: 10.1109/TPEL.2023.3319996.

B. S. Umesh et al., “A combinatory AC and DC charging approach for electric vehicles,” IEEE Transactions on Intelligent
Transportation Systems, vol. 25, no. 11, pp. 15467-15476, Nov. 2024, doi: 10.1109/TITS.2024.3464591.

R. Baharom and M. H. Hayroman, “A comprehensive review on advancements in battery charger technologies for electric
vehicles,” in 2024 |EEE Industrial Electronics and Applications Conference (IEACon), Nov. 2024, pp. 190-195. doi:
10.1109/IEAC0n61321.2024.10797305.

M. Safayatullah, M. T. Elrais, S. Ghosh, R. Rezaii, and 1. Batarseh, “A comprehensive review of power converter topologies and
control methods for electric vehicle fast charging applications,” IEEE Access, vol. 10, pp. 40753-40793, 2022, doi:
10.1109/ACCESS.2022.3166935.

R. Pradhan, N. Keshmiri, and A. Emadi, “On-board chargers for high-voltage electric vehicle powertrains: future trends and
challenges,” IEEE Open Journal of Power Electronics, vol. 4, pp. 189-207, 2023, doi: 10.1109/0JPEL.2023.3251992.

S. Kim and F. S. Kang, “Multifunctional onboard battery charger for plug-in electric vehicles,” IEEE Transactions on Industrial
Electronics, vol. 62, no. 6, pp. 3460-3472, 2015, doi: 10.1109/T1E.2014.2376878.

G. K. N. Kumar and A. K. Verma, “A single-phase interleaved buck-boost PFC based on-board EV charger,” IEEE Transactions
on Industry Applications, vol. 59, no. 6, pp. 7163-7174, 2023, doi: 10.1109/T1A.2023.3302269.

M. H. Nguyen, L. Aouichak, J. C. Le Bunetel, Y. Hague, and R. Launois, “Mitigating common-mode noise in the totem pole
bridgeless PFC using balance boost technique,” IEEE International Symposium on Electromagnetic Compatibility, vol. 2023-
September, 2023, doi: 10.1109/EMCEurope57790.2023.10274410.

C. Zhao and X. Wu, “Accurate operating analysis of boundary mode totem-pole boost PFC converter considering the reverse
recovery of MOSFET,” IEEE Transactions on Power Electronics, vol. 33, no. 12, pp. 10038-10043, 2018, doi:
10.1109/TPEL.2018.2829832.

A. Barath Narayanan and S. Sampath Kumar, “Bridgeless boost totem pole power factor correction for EV onboard charger
applications,” in 2023 2nd International Conference on Smart Technologies for Smart Nation, SmartTechCon 2023, 2023, pp.
961-968. doi: 10.1109/SmartTechCon57526.2023.10391598.

L. B. Dominic, B. Saju, M. Midhun Raj, J. M. Cleetus, A. Varghese, and C. Abraham, “Review of totem-pole boost bridgeless
PFC rectifier intended for on-board EV charging,” in 2024 1st International Conference on Trends in Engineering Systems and
Technologies, ICTEST 2024, 2024. doi: 10.1109/ICTEST60614.2024.10576074.

R. S. C. Yeung, J. W. T. Fan, and H. S. H. Chung, “A totem-pole PFC using hybrid pulse-width-modulation scheme,” in 2017
IEEE 3rd International Future Energy Electronics Conference and ECCE Asia, IFEEC - ECCE Asia 2017, 2017, pp. 1286-1290.
doi: 10.1109/IFEEC.2017.7992229.

S. Ghosh, Y. Hu, and 1. Batarseh, “Review of totem pole PFC soft-switching methods with market survey,” in 2023 IEEE Energy
Conversion Congress and Exposition, ECCE 2023, 2023, pp. 2891-2895. doi: 10.1109/ECCE53617.2023.10362518.

H. Zhu, S. Hu, N. Fujishima, and Y. Onishi, “Design method of totem-pole PFC and cllc resonant converter based on SiC
MOSFET,” in 2021 6th International Conference on Power and Renewable Energy, ICPRE 2021, 2021, pp. 383-389. doi:
10.1109/ICPRE52634.2021.9635188.

T. Wang et al., “Single-phase bridgeless three-level power factor correction topologies based on the embedded construction
scheme,” IEEE Access, vol. 11, pp. 109722-109733, 2023, doi: 10.1109/ACCESS.2023.3322648.

B. Su, J. Zhang, and Z. Lu, “Totem-pole boost bridgeless PFC rectifier with simple zero-current detection and full-range ZVS
operating at the boundary of DCM/CCM,” IEEE Transactions on Power Electronics, vol. 26, no. 2, pp. 427-435, 2011, doi:
10.1109/TPEL.2010.2059046.

Z. Liu, F. C. Lee, Q. Li, and Y. Yang, “Design of GaN-based MHz totem-pole PFC rectifier,” IEEE Journal of Emerging and
Selected Topics in Power Electronics, vol. 4, no. 3, pp. 799-807, Sep. 2016, doi: 10.1109/JESTPE.2016.2571299.

A model predictive control strategy for enhance performance of totem-pole PFC rectifier (Le Chau Duy)



1700 O ISSN: 2088-8694

[19] R. K. Behera, R. Kumar, S. M. Bellala, and P. Raviteja, “Analysis of electric vehicle stability effectiveness on wheel force with
BLDC motor drive,” in 2018 IEEE International Conference on Industrial Electronics for Sustainable Energy Systems (IESES),
Jan. 2018, pp. 195-200. doi: 10.1109/IESES.2018.8349873.

[20] R. Pena-Alzola, M. A. Bianchi, and M. Ordonez, “Control design of a PFC with harmonic mitigation function for small hybrid
AC/DC buildings,” IEEE Transactions on Power Electronics, vol. 31, no. 9, pp. 6607-6620, Sep. 2016, doi:
10.1109/TPEL.2015.2499163.

[21] F. Lopez, P. Lamo, F. Azcondo, and A. Pigazo, “Sensorless control of a bridgeless PFC using a low pass filter model and a linear
PR controller,” in PCIM Europe 2017 - International Exhibition and Conference for Power Electronics, Intelligent Motion,
Renewable Energy and Energy Management, 2017, pp. 1-6. doi: 10.1109/SBMicro.2017.7990882.

[22] A. Mallik, J. Lu, and A. Khaligh, “Sliding mode control of single-phase interleaved totem-pole PFC for electric vehicle onboard
chargers,” IEEE Transactions on Vehicular Technology, vol. 67, no. 9, pp. 8100-8109, 2018, doi: 10.1109/TVT.2018.2848238.

[23] J. M. Carrasco, J. M. Quero, F. P. Ridao, M. A. Perales, and L. G. Franquelo, “Sliding mode control of a DC/DC PWM converter
with PFC implemented by neural networks,” IEEE Transactions on Circuits and Systems |: Fundamental Theory and
Applications, vol. 44, no. 8, pp. 743-749, 1997, doi: 10.1109/81.611271.

[24] A. Kessal and L. Rahmani, “Ga-optimized parameters of sliding-mode controller based on both output voltage and input current
with an application in the PFC of AC/DC converters,” IEEE Transactions on Power Electronics, vol. 29, no. 6, pp. 3159-3165,
2014, doi: 10.1109/TPEL.2013.2274200.

[25] X. Xu, J. Liu, and Y. Zhang, “Research of current hysteresis control for boost bridgeless PFC,” in Proceedings of the 13th IEEE
Conference on Industrial Electronics and Applications, ICIEA 2018, 2018, pp. 265-269. doi: 10.1109/ICIEA.2018.8397726.

[26] M. Torrisi, S. Messina, and M. Cacciato, “A novel closed-form analytical model for zero-voltage switching (ZVS) operation of a
totem pole PFC with hysteresis current control,” in 2021 IEEE Energy Conversion Congress and Exposition, ECCE 2021 -
Proceedings, 2021, pp. 3295-3300. doi: 10.1109/ECCE47101.2021.9595040.

[27] M. F. Khaza, S. Thakur, N. H, and B. Venkatesaperumal, “Fuzzy logic based totem pole- PFC converter,” in 2023 Third
International Conference on Advances in Electrical, Computing, Communication and Sustainable Technologies (ICAECT), Jan.
2023, pp. 1-4. doi: 10.1109/ICAECT57570.2023.10117621.

BIOGRAPHIES OF AUTHORS

Le Chau Duy £ B8 2 is a bachelor’s in electrical engineering (2013) from the Ho Chi

Minh City University of Technology (HCMUT), Ho Chi Minh City, Vietnam, and his Ph.D.

in mechanical engineering (2023) from the University of Ulsan, Ulsan, South Korea. He’s

; : == now a Researcher at the Power Electronic Research Laboratory of the Faculty of Electrical

{ ) and Electronic Engineering, HCMUT, where he’s currently engaged in research and

59 development of EV chargers. His main research interests include power electronics and its

- application in energy conversion and management. He can be contacted at email:

% ) lechauduy@hcmut.edu.vn.

Nguyen Dinh Tuyen © B Bd 2 is a Senior Member, IEEE, was born in Binh Dinh,

Vietnam, in 1982. He received the B.S. degree in electrical engineering from the Ho Chi

Minh City University of Technology, Ho Chi Minh City, Vietnam, in 2004, and the Ph.D.

- o~ degree from the University of Ulsan, Ulsan, South Korea, in 2012. He is currently an

A Associate Professor at the Faculty of Electrical and Electronics Engineering, Ho Chi Minh

—— City University of Technology, Vietnam National University. His research interests include

N ﬁ power electronics converters, power electronics system integration, and their industrial

~ applications, such as renewable energy and electric vehicles. He can be contacted at email:
’ ndtuyen@hcmut.edu.vn.

Int J Pow Elec & Dri Syst, Vol. 16, No. 3, September 2025: 1687-1700


https://orcid.org/0000-0003-3062-663X
https://scholar.google.com/citations?user=qxQ2fwUAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57193439580
https://orcid.org/0000-0002-1129-4468
https://scholar.google.com/citations?user=GcqYuNsAAAAJ&hl=en

