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 This paper presents the analysis, design, and implementation of a two-stage 

power conversion system consisting of a boost converter and a buck 

converter. Both converters were controlled using a sliding-mode control 

based on a washout filter. The system was supplied with an alternating 

current (AC) voltage source that was rectified using a diode bridge. The 

main objectives are to improve the power factor (PF) in the boost stage and 

regulate the output voltage in the buck stage. In the first stage, sliding-mode 

control is applied to shape the input current according to the rectified 

voltage, increasing the PF and reducing harmonic distortion. In the second 

stage, the same control approach is used to maintain a constant output 

voltage under load variations and disturbances. This study includes the 

mathematical modeling of both converters, control design, and simulation 

results in PSIM. The results show that the proposed sliding-mode control 

strategy effectively enhances energy efficiency, stabilizes the output voltage, 

and significantly improves the PF, making it suitable for robust and efficient 

power conversion systems. 
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1. INTRODUCTION 

Direct-current-to-direct-current (DC-DC) converters are employed to regulate voltage at various 

stages of power supplies. They are commonly used in renewable energy systems, electric vehicles, and 

industrial processes. Buck and boost converters are among the most commonly used converters, and they are 

designed to decrease or increase the input voltage. In addition, these devices require control strategies based 

on the switching of their electronic switches, usually by adjusting the duty cycle of a pulse-width modulation 

(PWM) signal, to obtain an acceptable output voltage and be efficient. However, these converters present 

undesirable behavior under external disturbances or varying load conditions, affecting system stability and 

energy efficiency [1]. 

One of the main challenges during the operation of converters is the power factor (PF), particularly 

when a rectified alternating current (AC) voltage source is used. A low PF implies inefficient energy use, 

increases the harmonic content in the input current, and negatively affects the operation of electrical 

components, particularly in demanding industrial environments. PF correction can be performed using boost 

converters, which are employed to enhance power quality and minimize harmonic distortion. Various 

methods and innovations have been developed to improve the PF [2], [3]. Interleaved boost converters 

involve the use of multiple boost converter stages to reduce the inductor volume and weight while 

https://creativecommons.org/licenses/by-sa/4.0/
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minimizing the input current ripple. Proper current sharing in interleaved configurations is crucial, and 

control strategies, such as Lyapunov-likelihood techniques, are used to manage it effectively [4]. For three-

phase AC/DC boost converters, sliding-mode control (SMC) offers a robust method for achieving a PF 

greater than 97% through real-time adjustments that compensate for external disturbances and internal 

uncertainties [5]. Several boost-based topologies, such as three-level boost converters, have been developed 

for high-power applications with smaller inductors and lower voltage components, improving power density, 

efficiency, and cost-effectiveness [6]. Techniques such as peak current mode control (PCMC), average 

current mode control (ACMC), and one-cycle control (OCC) are employed in boost converters to maintain 

sinusoidal input currents and reduce electromagnetic interference (EMI), particularly in single-phase 

converters operating in continuous conduction mode [7]. The development of single-stage converters, such as 

boost-type single-stage resonant PF correction converters, combines boost and resonant conversion in a 

single topology to simplify the system and enhance efficiency by reducing the number of conversion stages 

[8]. The combination of flyback and boost converters enables the creation of new single-stage AC/DC 

converters to achieve a high PF and output regulation using minimal components, leading to improved 

overall efficiency [9]. 

Another important challenge is maintaining a stable regulation of the output voltage under sudden 

load variations to ensure reliable system performance under different operating conditions [10]. An SMC is 

used to manage the inherent uncertainties of buck converters, such as variable resistive loads and input 

disturbances. This method ensures continuous conduction mode and voltage stability by suppressing input 

disturbances and reducing the effects of load variations [11]. In synchronous buck converters, the diode is 

replaced with a MOSFET, which enhances efficiency over a broad operating range. This is because the 

MOSFET reduces conduction losses during switching compared to asynchronous designs that traditionally 

use diodes [12]. Buck converters often incorporate feedback and feedforward control techniques to maintain 

tight voltage regulation under varying load conditions. These methods are crucial for managing transient 

responses and ensuring that the buck converter maintains the desired output voltage despite fluctuations in 

the input voltage or load changes [13]. Advanced applications may use a single-inductor multiple-output 

(SIMO) configuration, in which one inductor supports multiple independently regulated outputs. This 

approach minimizes the cost and size of the components, making it suitable for complex systems that require 

multiple voltage levels [14]. 

The literature review shows that although multiple studies have individually addressed PF control in 

boost converters or voltage regulation in buck converters, few studies have integrated both strategies using a 

common approach. However, the integration of both boost and buck converter stages under a single washout 

filter has scarcely been addressed in the literature, and most prior studies have focused on single-stage 

applications (e.g., buck converter only [14]). This integration is especially relevant in cascade architectures or 

hybrid topologies, where energy efficiency and signal quality are prioritized. Therefore, this study proposes 

the implementation of a control system composed of two washout filter strategies: a PF controller applied to 

the boost converter and a voltage regulation controller applied to the buck converter. Unlike previous studies 

that applied the SMC to each converter independently, this study integrates the SMC based on a washout 

filter. Many studies have applied SMC techniques to single-stage converters. For example, Ortiz-Castrillón et 

al. implemented SMC in a semi-bridgeless boost converter with PF correction and demonstrated significant 

improvements over conventional PI control [15]. Similarly, Hamed et al. achieved robust voltage regulation 

in a buck converter using SMC [16]. The dual-stage approach presented in this study provides consistent 

control behavior, improved robustness, and improved energy efficiency throughout the conversion chain. The 

performance of the converters was evaluated using Simulink, and the behavior was analyzed in different 

operating scenarios. 

This study aims to contribute to the design of more robust and efficient conversion systems by 

proposing an SMC-based control architecture that optimizes energy use and improves system stability under 

real-world operating conditions. The following sections present the mathematical modeling of the converters, 

the design of an SMC, the results obtained using PSIM, and the conclusions of this study. Unlike most 

previous studies that address either PF correction or output voltage regulation as independent control 

problems, this study introduces a unified dual-stage SMC framework based on a washout filter applied 

simultaneously to both boost and buck converters in a cascaded architecture. The same control philosophy, 

disturbance rejection mechanism, and stability conditions were employed in both stages, allowing consistent 

dynamic behavior and modular scalability. To the best of our knowledge, the integration of washout-filtered 

SMC for simultaneous PF correction and voltage regulation in a boost–buck cascade has not been explicitly 

reported in the literature. This dual-stage integration is the main novelty of the proposed approach. 
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2. METHOD 

Figure 1 shows the closed-loop AC/DC boost–buck converter with PF correction and output voltage 

regulation. This figure presents a complete schematic implemented in PSIM, including the control blocks, 

measurement points, and PWM generation. On the left side, the PF correction stage is implemented at the AC 

input, where a single-phase AC voltage source is followed by a diode bridge rectifier. The objective of this 

stage is to ensure that the input current (𝐼𝑖𝑛) remains in phase with the rectified input voltage (𝑉𝑖𝑛), reducing 

harmonic distortion and improving the PF. 

 The central block of the system corresponds to a boost converter that increases the voltage level 

obtained from the rectifier. In this stage, only the inductor current (𝑖𝐿1) is controlled, forcing it to track a 

reference current generated from the rectified input voltage. The control law of the SMC based on a washout 

filter provides high robustness against load variations and external disturbances. In the boost converter stage, 

the voltage of the capacitor is not directly regulated because the regulation is delegated to the subsequent 

buck stage. On the right side of the system, a buck converter is implemented to step down the voltage 

supplied by the boost converter and regulate the output voltage according to a desired reference value. Again, 

an SMC based on a washout filter is applied to the power switch to ensure that the capacitor voltage (𝑉𝐶2) 

remains well-regulated, even under fast and abrupt load changes. 

This dual-stage approach enables simultaneous objectives: i) active PF correction at the input of the 

boost converter and ii) accurate output voltage regulation at the buck converter. With this architecture, 

different types of loads can be connected to the output while maintaining high energy efficiency and power-

quality compliance at the grid interface. The controllers applied in both stages are based on our previous 

developments of SMCs with a washout filter, as reported and validated in [17]-[20]. These controllers 

provide high robustness against parameter uncertainties and external perturbations, making them suitable for 

practical power electronics applications. 

The simulation model included a single-phase AC voltage source (10 Vrms, 60 Hz), a full-bridge 

diode rectifier, a boost converter for PF correction, and a buck converter for output voltage regulation. Both 

converters operated in the continuous conduction mode and were controlled using an SMC with a washout 

filter. The switching frequency for both stages was set to 5 kHz, and ideal power switches were considered to 

focus on the control performance. Voltage and current measurements were obtained using PSIM sensors and 

fed back to the control blocks, which implemented sliding surfaces and PWM generation. 

 

2.1.  Control design 

Because the system is composed of two connected circuits, the boost circuit receives the input from 

the AC voltage source with a diode rectifier bridge, and its output is transferred to a buck circuit, which takes 

this voltage and reduces it according to the reference. Two controls are required to perform two controls, one 

for each circuit, wherein a slider control (washout) is applied to both sections. The PF was corrected for the 

boost converter and the output voltage of the circuit for the buck converter. 

 

 

 
 

Figure 1. Closed-loop AC/DC boost-buck converter with PF correction and output voltage regulation 
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2.2.  Lyapunov stability analysis 

A formal Lyapunov-based stability analysis was performed for both converter stages to guarantee 

global asymptotic stability and robustness against parameter uncertainties. In addition, a practical controller-

tuning method is provided to ensure finite-time convergence while mitigating chattering effects. The stability 

of the proposed SMC strategy was verified using Lyapunov theory. Considering the sliding surface 𝑠(𝑥) =
𝐶𝑥, where 𝑥 is the state vector and 𝐶 defines the sliding coefficients, the Lyapunov candidate function is 

chosen as 𝑉 =
1

2
𝑠2. Its time derivative along the system trajectories is given by 𝑉̇ = 𝑠𝑠̇. The control law 

ensures that 𝑠𝑠̇ < 0 for all operating conditions, which implies asymptotic convergence to the sliding surface 

and system stability in the sense of Lyapunov. The washout filter contributes to disturbance rejection by 

attenuating low-frequency components, preserving the sliding condition even under input and load variations. 

Therefore, the designed control guarantees global stability within the operating range of the converters [21]. 

To verify the stability of the proposed SMC based on a washout filter in both converter stages, the Lyapunov 

method was applied using averaged continuous conduction mode (CCM) models [19]. 

 

2.2.1. Buck converter 

The averaged state-space equations are expressed in (1) [20]. 

 

𝑖̇𝐿 =
𝑑𝑉𝑖𝑛−𝑉𝑜

𝐿
, 𝑉̇𝑜 =

𝑖𝐿−
𝑉𝑜
𝑅

𝐶
 (1) 

 

The sliding surface is defined by (2). 

 

𝑠 = 𝑐1(𝑉𝑜 − 𝑉𝑟𝑒𝑓) + 𝑐2(𝑖𝐿 − 𝑖𝑟𝑒𝑓) (2) 

 

The term 𝑉𝑟𝑒𝑓 = 5 V, 𝑐1, 𝑐2 > 0, and 𝑖𝑟𝑒𝑓 =
𝑉𝑟𝑒𝑓

𝑅
. Differentiating 𝑠and substituting the system dynamics yields: 

 

𝑠̇ = 𝑓(𝑥) + 𝑏(𝑥)𝑑 = 𝑐1

𝑖𝐿−
𝑉𝑜
𝑅

𝐶
+ 𝑐2

𝑑𝑉𝑖𝑛−𝑉𝑜

𝐿
 (3) 

 

The control law is expressed in [21]. 

 

𝑑 = 𝑑𝑒𝑞 − 𝐾 sign(𝑠) − 𝜖𝑠 (4) 

 

The term 𝑑𝑒𝑞 = −
𝐿

𝑐2𝑉𝑖𝑛
𝑓(𝑥) is the equivalent control. Consider the Lyapunov function 𝑉 =

1

2
𝑠2. Then: 

 

𝑉̇ = 𝑠𝑠̇ = 𝑠(−𝐾 sign(𝑠) − 𝜖𝑠) = −𝐾 ∣ 𝑠 ∣ −𝜖𝑠2 < 0 (6) 

 

Hence, the sliding surface is attractive, and the system is asymptotically stable. Given 𝑉𝑖𝑛 = 10 V, 𝐿 =
1 mH, 𝐶 = 220, 𝑅 = 10, choosing 𝐾 > 0.1 and 𝜖 > 0.05 ensures 𝑠𝑠̇ < 0, providing a stable convergence 

toward the reference voltage. 

 

2.2.2. Boost converter 

For the boost stage, the averaged model is presented in (6) [20]. 

 

𝑖̇𝐿 =
𝑉𝑖𝑛−(1−𝑑)𝑉𝑜

𝐿
, 𝑉̇𝑜 =

(1−𝑑)𝑖𝐿−
𝑉𝑜
𝑅

𝐶
 (6) 

 

The sliding surface used for the PF control is expressed in (7). 

 

𝑠 = 𝑖𝐿 − 𝑖𝑟𝑒𝑓(𝑡) (7) 

 

Where 𝑖𝑟𝑒𝑓(𝑡) = 𝑘𝑉𝑖𝑛(𝑡) is proportional to the rectified voltage to ensure in-phase current and voltage [21]. 

Its time derivative is expressed in (8). 

 

𝑠̇ = 𝑓(𝑥, 𝑡) + 𝑏(𝑥)𝑑 =
𝑉𝑖𝑛−𝑉𝑜+𝑑𝑉𝑜

𝐿
− 𝑖̇𝑟𝑒𝑓(𝑡) (8) 

 

The control law in (9) was used: 
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𝑑 = 𝑑𝑒𝑞 − 𝐾 sign(𝑠) − 𝜖𝑠 (9) 

 

and the Lyapunov function 𝑉 =
1

2
𝑠2, the (10) is obtained [21]. 

 

𝑉̇ = 𝑠𝑠̇ = 𝑠(−𝐾 sign(𝑠) − 𝜖𝑠) = −𝐾 ∣ 𝑠 ∣ −  𝜖𝑠2 < 0 (10) 

 

Thus, the reaching condition 𝑠𝑠̇ ≤ −𝜂 ∣ 𝑠 ∣ is satisfied for 𝜂 = 𝐾 > 0, ensuring finite-time convergence [20]. 

The selection 𝐾 > 0.2 and 𝜖 > 0.05 provides adequate robustness against disturbances and parameter 

variations. 

 

2.2.3. Washout filter considerations 

Each sliding surface includes a washout filter, as expressed in (11) [21]. 

 

𝑤̇ =
1

𝜏
(𝑠 − 𝑤), 𝑠̃ = 𝑠 − 𝑤 (11) 

 

The term 𝜏 = 1 ms. The augmented Lyapunov function 𝑉 =
1

2
𝑠̃2 satisfies 𝑉̇ = −𝐾 ∣ 𝑠̃ ∣ −𝜖𝑠̃2 < 0, 

confirming global stability of the filtered dynamics and disturbance rejection. According to the Lyapunov-

based analysis, both converter stages guarantee global asymptotic stability using the proposed control laws. 

The washout filter adds a dynamic component that suppresses the steady-state drift and enhances disturbance 

rejection without compromising stability. These analytical results align with the simulation results, validating 

the robustness of the proposed SMC based on a washout filter [11], [21]. 

 

2.3.  Controller tuning 

The controller parameters were selected to guarantee fast convergence to the sliding surface while 

maintaining robustness against parameter uncertainties. The proportional gain 𝑘1 and switching gain 𝑘2 were 

adjusted empirically through simulation, starting from low values to avoid chattering and increasing until a 

satisfactory transient response was achieved. The washout filter time constant 𝜏 was chosen to reject low-

frequency disturbances without compromising the dynamic response. The tuning process follows the 

criterion 𝑘2 >∣
𝑓(𝑥)∣𝑚𝑎𝑥

𝜙
, where 𝑓(𝑥) represents the bounded model uncertainties and 𝜙 the minimum sliding 

region width, ensuring 𝑠𝑠̇ < 0 across all operating points. This procedure provides a practical balance 

between the robustness, response speed, and stability margins [11], [22]. 

 

2.4.  PF control (boost converter) 

Initially, the AC voltage source was rectified by a diode bridge, and the rectified voltage was used as 

the reference voltage, from which a reference current was generated that had the same shape as the input voltage 

(rectified half-sinusoidal), which allowed us to search for a PF close to 1. When measuring the current that 

enters the converter (inductor current), this sample is sent to a subtracting operational amplifier. Subsequently, 

when both currents (measured and reference) are compared, the error is calculated as shown in (12). 

 

𝑒𝑟𝑟𝑜𝑟 = ℎ(𝑥) = 𝑉𝐶 − 𝑣𝐶𝑟𝑒𝑓 + 𝑘(𝑖𝐿 − 𝑧) = 0 (12) 

 

𝑢 = {
𝑢− = 0, ℎ(𝑥) > 0

𝑢+ = 1, ℎ(𝑥) < 0
 (13) 

 

The error signal is converted into a PWM signal that enables the MOSFET to switch, thereby 

modifying the charge and discharge cycles of the inductor. The greater the error, the higher the duty cycle. 

Therefore, the measured current was adjusted to be as close as possible to the reference current. 

 
𝑑𝑧

𝑑𝑡
= 𝑤(𝑖𝐿 − 𝑧) (14) 

 

∫ 𝑑𝑧 = ∫ 𝑤(𝑖𝐿 − 𝑧)𝑑𝑡 → 𝑧 = ∫ 𝑤(𝑖𝐿 − 𝑧)𝑑𝑡 (15) 

 

When the reference current is proportional to the input voltage of the converter, both the current and voltage 

are in phase, which decreases the harmonics, that is, reduces noise in the system, enables more efficient use 

of the supplied energy, and brings the PF closer to 1 [23].  
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2.5.  Voltage control (buck) 

The buck converter also uses an SMC with a washout filter. However, in this case, it incorporates 

both the measurement of the output voltage and its desired reference, as the main objective is to maintain a 

constant voltage level. By including this information in the control surface, the responsiveness of the system 

is improved, allowing for more precise and stable voltage regulation under load variations and dynamic 

conditions [23]. 

 

 

3. RESULTS AND ANALYSIS 

This section presents the performance evaluation of the complete power conversion system under two 

operating conditions. First, the system was analyzed in the open loop, where the boost converter did not 

implement any current or PF regulation. Subsequently, a closed-loop configuration was tested by applying the 

proposed SMC with a washout filter to both the boost and buck converters. In all the simulations, the parameters 

listed in Table 1 were used, and the output voltage reference of the buck converter was set to 30 VDC. 

 

 

Table 1. System parameters 
Parameter Value 

AC input voltage (Vin) 10 VRMS, 60 Hz 
Rectifier topology Single-phase full bridge 

Boost inductor (L1) 5 mH 

Boost capacitor (C1) 100 µF 
Boost switching frequency (fs_boost) 5000 Hz 

Buck inductor (L2) 2 mH 

Buck capacitor (C2) 100 µF 
Buck switching frequency (fs_buck) 5000 Hz 

Load resistance (R) 100 Ω 

Buck reference voltage (Vref) 30 Vdc 
Boost open-loop duty cycle (d) 0.694 

Control technique SMC + washout filter 

Simulation software PSIM 

 

 

3.1.  System operation in open loop 

Figure 2 shows the system operating with a boost converter in an open loop using a fixed duty cycle 

(d = 0.694) and a switching frequency of 5000 Hz. Under these conditions, only the buck converter was 

controlled using an SMC based on a washout filter to regulate the output voltage. The input to the system is a 

(10 VRMS), (60 Hz) single-phase source, which is rectified before being fed into the boost stage. 

 

 

 
 

Figure 2. Complete system in open-loop operation (control only applied to the buck stage) 

 

 

Figure 3 shows the dynamic behavior of the system. In the top waveform, the input voltage (𝑉𝑖𝑛) 

(red) and the input current (𝐼𝑖𝑛) (green). They are clearly out of phase, and the current exhibits a distorted 

waveform with high harmonic content. This behavior reflects a poor PF and inefficient energy transfer from 

the AC source. In the second plot, the boost inductor current (𝑖𝐿1) shows a pulsating waveform dominated by 

the rectified input frequency (120 Hz), ranging between 0 and 2.375 A. The discontinuous conduction causes 
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increased switching stress and contributes to input current distortion. The third plot shows the boost capacitor 

voltage (𝑉𝐶1), which is not regulated in this configuration and therefore exhibits large oscillations between 

32.1875 Vdc and 42.1875 Vdc. Such instability in the intermediate DC bus reflects an irregular energy flow 

and represents a reliability concern for practical implementations. Despite these issues, the bottom plot of 

Figure 3 shows that the buck output voltage (𝑉𝐶2) properly reaches the reference value of 30 Vdc within 

approximately 5.9375 ms, remaining stable in the steady state with minimum and maximum values of 

29.5898 Vdc and 30.0708 Vdc, respectively. 

 

 

 
 

Figure 3. System waveforms in open-loop: (𝑉𝑖𝑛), (𝐼𝑖𝑛), (𝑖𝐿1), (𝑉𝐶1), and (𝑉𝐶2) 

 

 

3.2.  System operation in closed-loop with PF correction 

Figure 1 (in Section 2) presents the system under closed-loop operation, where the SMC with a 

washout filter is applied to both the boost and buck converters. In this case, the boost controller regulates the 

inductor current (𝑖𝐿1) so that the input current becomes sinusoidal and synchronized in phase with the AC 

voltage, achieving active PF correction. The buck converter continues to regulate the output voltage to the 

desired reference value. 

The simulation results are shown in Figure 4. In the top waveform, 𝑉𝑖𝑛 and 𝐼𝑖𝑛 exhibit sinusoidal 

waveforms at 60 Hz, with zero phase displacement. This confirms a PF close to unity, significantly 

improving the energy efficiency and reducing the harmonic pollution at the AC interface. In the second plot, 

the inductor current accurately tracks its full-wave rectified reference, confirming the correct current-shaping 

operation. Moreover, the current does not fall to zero, which improves the continuity of the power flow and 

reduces device stress. The third plot shows the boost capacitor voltage (𝑉𝐶1), which remains within a stable 

and acceptable range even without explicit voltage regulation, demonstrating the indirect stabilization effect 

achieved by the current regulation. The bottom plot shows the buck output voltage (𝑉𝐶2) converging to its 

reference in approximately 37.5 ms), maintaining a steady-state ripple within 29.7656 Vdc and 30.0684 Vdc. 

This validates the robustness of the buck controller under improved DC link conditions. 
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Figure 4. System waveforms in closed loop: (𝑉𝑖𝑛), (𝐼𝑖𝑛), (𝑖𝐿1), (𝑉𝐶1), and (𝑉𝐶2) 

 

 

3.3.  Comparative discussion 

Although this study focuses on the SMC based on a washout filter, it is important to consider its 

relative performance against other strategies. Classical controllers, such as PI and PID, offer simplicity but 

suffer from limited robustness and slow transient recovery under nonlinear conditions [24]. Intelligent methods, 

including fuzzy logic and model predictive control (MPC), enhance adaptability but increase computational 

complexity and tuning requirements [25]. In contrast, the proposed SMC based on a washout filter achieves a 

balanced trade-off between simplicity, robustness, and dynamic response, as evidenced in [11], [16]. 

The proposed controller is suitable for real-time deployment on embedded platforms, such as 

STM32 or TI C2000 DSPs, which provide sufficient processing speed for high-frequency PWM control. 

Considering a typical switching frequency of 20–50 kHz, a sampling period of less than 10 μs, and a PWM 

resolution of 10–12 bits is sufficient to guarantee a stable sliding motion. The implementation latency, which 

is dominated by the ADC conversion and interrupt response, can remain below 5 μs in optimized firmware, 

thereby enabling real-time control [26]. 

Future work will involve implementing the proposed SMC based on a washout filter on a real-time 

platform to validate its performance. The planned roadmap includes the following: i) Discretization of the 

control laws for digital execution; ii) Deployment on a DSP or FPGA device, such as the TI 

TMS320F28379D or Xilinx Zynq, to handle high-frequency switching; iii) Design of signal-conditioning 

circuits for voltage and current measurements; iv) Implementation of PWM generation and timing 

synchronization; and v) Experimental validation under varying load conditions. This development will allow 

the assessment of real-time behavior, efficiency, and robustness, thereby bridging the gap between simulation 

and hardware realization [27]. 

Additionally, quantitative power quality and transient performance metrics could be obtained and 

reported to complement the current analysis. The roadmap includes re-executing the simulation models to 

extract the total harmonic distortion (THD), conversion efficiency, and load-step recovery time, as well as 

performing experimental tests on the real-time platform to confirm the results under laboratory conditions. 

These activities will enable the correlation of simulation and experimental outcomes and provide definitive 

performance indicators required for future compliance with industrial and power quality standards. 
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In addition to its dynamic and steady-state performances, the proposed control method contributes to 

converter reliability. The inherent robustness of the SMC mitigates overcurrent and overvoltage transients, 

thereby reducing the thermal stress on the power switches. Moreover, the high-frequency switching pattern 

ensures low EMI susceptibility, improving converter lifespan and compliance with grid-interfacing 

requirements [28]. 

The proposed approach can also be extended to multistage converter architectures, such as triple-

stage or single-input multiple-output (SIMO) configurations. Due to its modular structure and decoupled 

washout filter control, the SMC naturally scales to cascaded systems, maintaining robustness and a fast 

response. Future studies will evaluate these topologies to demonstrate the scalability and modular integration 

of the controller. 

Finally, the proposed design aligns with key industrial standards, including IEEE 519 for harmonic 

distortion and PF limits, IEC 61000 for electromagnetic compatibility (EMC), and IEC 61800-5-1 for 

converter safety. The achieved near-unity PF and low current distortion meet the IEEE 519 thresholds, 

whereas the washout-filtered control contributes to reduced EMI. Future experimental validation will further 

confirm the compliance margins for the voltage ripple, efficiency, and switching stress [29]-[31]. 

 

 

4. CONCLUSION 

This paper presented the design and validation of a boost–buck AC/DC conversion system 

controlled using an SMC with a washout filter. The main objectives were to achieve active PF correction at 

the input while maintaining output voltage regulation under load and dynamic variations. Open-loop tests 

demonstrated the inherent limitations of the system, including the distorted input current, poor PF, and large 

ripple in the intermediate DC bus. Although the buck converter successfully regulated the output voltage, the 

overall efficiency and power quality of the system were compromised. 

When the proposed control strategy was applied to both conversion stages, the system achieved a PF 

close to unity with a sinusoidal input current in phase with the AC voltage and a stable DC output of 30 Vdc 

with a very low ripple. These results confirm the robustness, accuracy, and effectiveness of the SMC based 

on the washout filter approach for power electronic systems connected to the power grid. Future work will 

focus on the experimental implementation of the proposed controller and the evaluation of its behavior under 

real disturbances, nonideal grid conditions, and different load scenarios. Additionally, advanced control 

techniques can be explored to further improve the dynamic performance and system efficiency. 
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