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Abstract- The control strategy of a three-phase diode bridge rectifier and a boost-type DC-DC converter 
system by artificial neural networks (ANNs) for efficient power factor correction (PFC) and output 
voltage regulation is proposed in this paper. Three-phase AC input is rectified by a six-pulse diode 
bridge, generating a pulsating DC voltage, which is then fed to a boost-converter stage. In the outer 
voltage loop, amplifying the reference current's amplitude, the first ANN controller is also introduced, 
and the second one is incorporated in the inner current loop to establish the inductor current with an 
appropriate phase in line with the input voltage. This phase-locked loop (PLL) locks the current reference 
to the AC source and allows the system to operate at a unity power factor. Compared with conventional 
proportional-integral (PI)-based approaches, ANN controllers are trained to mitigate the effect of 
nonlinearities, parameter uncertainties, and dynamic disturbances. The simulation results confirm the 
proposed method and show enhanced dynamic performance, lower THD and compliance with the power 
quality standards. 
 
Keywords: Active power factor correction, phase-locked loop (PLL), power factor correction, artificial 
neural network (ANN), DC-DC converter for PFC. 
 

1. Introduction  
Because of the increasing presence of nonlinear and power-electronic-based loads in power systems, there 
has been an increase in the need for efficient AC-DC conversion systems that have improved power 
quality and dynamic performance [1]. The three-phase diode bridge rectifier and DC-DC converter 
architecture have been utilized in various electric car chargers, renewable energy systems, and industrial 
motor drives [1–3]. This is because it is both cost-effective and straightforward. On the other hand, this 
configuration has the intrinsic drawback of having a low power factor and high input current harmonics. 
These drawbacks will negatively impact the system's efficiency and will most likely result in the failure to 
achieve power quality requirements such as IEEE 519 [4]. 
 Several power factor corrections (PFC) approaches have been presented to make the shape of the input 
current waveform sinusoidal and in phase with the supply voltage [5]. This is done to minimize the 
adverse effects of these drawbacks. PI controllers that have been around for a long time and are traditional 
have been utilized extensively in voltage and current control loops [6 7]. Despite being utilized 
extensively, the controllers are prone to disturbances and parameter changes. Consequently, they perform 
poorly in dynamic situations [9-11]. 
 Beginning in the most recent few years, improved intelligent control approaches, specifically artificial 
neural networks (ANNs) and fuzzy logic controllers (FLC), have been proposed as potential alternatives 
to competitive power electronic systems [12–14]. Compared to traditional controllers, artificial neural 
networks (ANNs) can execute nonlinear mapping and adaptive learning, which makes it possible to 
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represent complicated dynamic behaviours and achieve favourable performance while dealing with 
uncertainties [15], [16]. Several applications have been reported to improve the steady-state accuracy and 
dynamic behaviour of PFC converters [17], [18]. These works do not reach close to the unity power factor 
and do not employ the ANN for the controller's outer and inner loops. 
 In order to guarantee a regulated DC output voltage, this work suggests an ANN-based control technique 
for a power factor-corrected three-phase diode bridge rectifier, which is then followed by a boost 
converter. The control structure comprises two artificial neural network controllers, with the outer-loop 
ANN responsible for controlling the output voltage and determining the voltage of the reference current. 
The inner-loop ANN also shapes the inductor current to a synchronized sinusoidal reference. The phase of 
the input voltage is obtained with the assistance of a phase-locked loop (PLL), and as a result, the 
waveform of the measured current is wholly aligned with the voltage of the grid when the power factor is 
equal to one Despite several ANN-based PFC controllers reported in the literature [12–18], most focus 
either on optimizing the current-loop control or improving steady-state voltage regulation. Few studies 
have explored a coordinated dual-loop ANN approach capable of maintaining near-unity power factor 
while simultaneously regulating the DC-link voltage under rapid load changes. The present work 
addresses this gap by employing two ANN controllers , one in the outer voltage loop and one in the inner 
current loop combined with a phase-locked loop (PLL) for precise current synchronization. This structure 
enhances dynamic performance and robustness against parameter uncertainties, which distinguishes it 
from earlier ANN-based PFC techniques. 
 Following the introduction, the remainder of the paper is divided into five pieces, with the first portion 
serving as the introduction. The second section shows the modelling the three-phase diode bridge rectifier 
incorporating a boost converter. Within Section 3, the proposed control approach that is based on ANNs is 
explained in greater detail. The simulation findings and their arguments are presented in the following 
part, part 4. The paper's conclusion is found in Section 5, which discusses the primary findings. 
 

2. Modelling of the Three-Phase Active PFC Circuit 
The system design includes a three-phase AC supply, a diode bridge rectifier, and a DC-DC boost 

converter, as depicted in Figure 1. The goal is to implement power factor correction (PFC) and a constant 
DC output voltage using artificial neural network (ANN) based controllers. The mathematical 
representation of the system can be roughly divided into two sections: the rectifier subsystem and the 
boost converter subsystem. The main expressions for the balance system with pure sinusoidal can be 
expressed as [19], [20]. 

𝑣𝑠𝑎(𝑡) = 𝑉𝑚 sin(𝜔𝑡) (1) 
 

𝑣𝑠𝑏(𝑡) = 𝑉𝑚 sin (𝜔𝑡 −
2𝜋

3
) (2) 

 
 

𝑣𝑠𝑐(𝑡) = 𝑉𝑚 sin (𝜔𝑡 +
2𝜋

3
) (3) 

After including the filter of the input side, the main equation can be rewritten as 

𝑣𝑠𝑎(𝑡) = 𝑅𝑠𝑖𝑠𝑎(𝑡) + 𝐿𝑠
𝑑𝑖𝑠𝑎(𝑡)

𝑑𝑡
+ 𝑉𝑏𝑟𝑖𝑑𝑔𝑒(𝑡) 

(4) 

where 𝑣𝑠𝑎(𝑡) denotes the  source voltage,  𝑖𝑠𝑎(𝑡) represents the input current, 𝑅𝑠 and  𝐿𝑠 are the line 
resistance and inductance and 𝑉𝑏𝑟𝑖𝑑𝑔𝑒  indicate the voltage at the rectifier output terminal. The diode 
bridge turns these AC voltages into a pulsating DC voltage 𝑉𝑏𝑟𝑖𝑑𝑔𝑒 , represented approximately by the 
maximum line-to-line voltage at every instant. At the DC link, the average value of the rectified voltage 
is: 
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𝑉𝑏𝑟𝑖𝑑𝑔𝑒 =
3√3

𝜋
𝑉𝐿𝐿,𝑝𝑒𝑎𝑘  

(5) 

Regarding the boost converter modelling during the ON switch by KVL law, the main expressions can be 
represented as 

𝑑𝑖𝐿
𝑑𝑡

=
𝑣𝑠
𝐿

 
(6) 

𝑑𝑣𝑜
𝑑𝑡

= −
𝑣𝑜
𝑅𝐿𝐶𝑜

 
(7) 

And then, during the OFF switch, the final expressions are 
𝑑𝑖𝐿
𝑑𝑡

=
𝑣𝑠 − 𝑣𝑜

𝐿
 

(8) 

𝑑𝑣𝑜
𝑑𝑡

=
𝑖𝐿 −

𝑣𝑜
𝑅𝐿

𝐶𝑜
 

(9) 

Finally, using the state space averaging method for one cycle D, the final equation for ON and OFF are 
presented in expressions (10 and 11), respectively. 

𝑑𝑖𝐿
𝑑𝑡

= 𝑣𝑠 −𝐷𝑣𝑜 
(10) 

𝐶𝑜
𝑑𝑣𝑜
𝑑𝑡

= (1 − 𝐷)𝑖𝐿 −
𝑣𝑜
𝑅𝐿

 
(11) 

 

 
(a) 
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(b) 
 

Figure 1. Schematic of active power factor correction based on DC-DC converter(a) Schematic,  and (b) 
Simulink model. 

3. Proposed Control Strategy 
Figure 2 shows the control scheme for a PFC-based DC-DC boost converter using ANN controllers in 
voltage and current loops. The phase angle obtained from the input voltage 𝑉𝑠 a phase-locked loop (PLL) 
is extracted to create a synced sine waveform, which is rectified as the reference for modulating the input 
current. In the outer voltage control loop, the output voltage 𝑉𝑜 is compared with a reference 𝑉𝑟𝑒𝑓 , and the 
ANN controller processes the output error to obtain reference current amplitude 𝐼𝑑𝑒𝑟𝑓. This is combined 
with a sinusoidal template to create a current reference in phase with the input voltage and, thus, the unity 
power factor. The actual inductor's current 𝑖𝐿 is compared with the reference, and the error goes to 
another ANN controller for giving the suitable duty cycle D for the PWM block to command the boost 
converter switching. Dynamic performance and power quality are enhanced using this dual-loop ANN-
based approach. 
 

 
(a) 
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(b) 
Figure 2 Proposed control strategy for PFC-based DC-DC boost converter (a) Schematic,  and (b) 

Simulink model. 
3.1. The ANN Proposed Controller 

This ANN controller architecture is delineated, elucidating the external voltage loop and internal current 
loop with respect to reference signals. 
An ANN approach employs an outer loop as a voltage controller to regulate the output voltage of Vo to a 
constant value of Vref and for the inner loop as a current regulator when comparing the output outer loop 
with the inductor current measurement. Figure 3 shows that Two hidden layers are used, with 100 neurons 
in each layer. Xref denotes voltage  reference or current reference, and the Xo is represented by actual 
voltage or actual inductor current, and u is the output of the ANN controller for both loops. It can 
observed from Figure 3that the predicted output from the ANN controller is used as the output layer. The 
ANN current controller is trained to control the current component iL to their reference value, Idref.

 
 

Figure 3. The proposed controller for DC-link voltage based on the ANN approach. 
3.2. Proposed System Objective 

The primary objective of the proposed control strategy in this paper is to attain a unity power factor and 
to reach free of harmonic in the input side under dynamic load. This is done to achieve a pure sinusoidal 
waveform devoid of harmonics, and it can be expressed mathematically as 

𝑣𝑠𝑎(𝑡) = 𝑉𝑚 sin(𝜔𝑡) (12) 
with 𝑉𝑚 is the peak amplitude voltage, and 𝜔 is the angular frequency of the grid. 
The second objective of the proposed control is to achieve a THD close to zero, and this objective can be 
expressed as  

𝑇𝐻𝐷𝑖 ≅ 0 (13) 
In order to investigate these two objectives, the ANN-based controller is for outer and inner loop 
controllers. 
 

4. Simulation Results and Discussions 
This section details the simulation of the proposed control utilizing artificial neural networks (ANN) for 

power factor correction and the reduction of total harmonic distortion (THD) on the input side for voltage 
and current, implemented in Matlab/Simulink. The relevant parameters are listed in Table 1. The 
simulation results presented in Figures 4 to 8 demonstrate the effectiveness of the ANN-based control 
scheme in achieving power factor correction (PFC) for the active boost converter and bridge diode 
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rectifier. Figure 4 illustrates the waveforms of the phase input voltage and current, indicating that the 
input current approximates a sinusoidal form and is nearly in phase with the voltage. This indicates that 
the operating power factor is near unity, as shown in Figure 5, with a value of 0.995. Figure 5 
demonstrates that the DC link voltages of the boost converter remain stable under dynamic load 
conditions, exhibiting minimal ripple. The figure illustrates that the total DC link voltage rapidly recovers 
from the transient effects of a load increase, stabilizing at approximately 650 V following the initial start-
up. This takes place soon after the initial start-up. Figure 7 illustrates the efficient control of a rapid load 
power change from approximately 27 kW to 45 kW within 1.5 seconds, without compromising system 
stability. To demonstrate the validity of the proposed control schematic in tracking references and 
ensuring the system draws current in a sinusoidal waveform, Figure 8 presents the current reference 
generated by the outer loop alongside the actual inductor current, including a zoomed section of the 
waveform. The results indicate that the ANN controller effectively delivers stable voltage regulation, 
closely resembling a pure sinusoidal waveform with minimal harmonic distortion, thereby fulfilling the 
two objectives specified in expressions 12 and 13. 

 
 

Table 1. Specifications of the proposed system. 
Description Value 

Maximum power 45 kW 
Grid side phase voltage 220V 

DC-link voltage 650V 
Grid frequency 50Hz 

Switching frequency 100 kHz 
Filtering inductor 0.4 mH 

Resistance of inductor 0.04𝛺 
Inductor of boost converter 10 mH 

Capacitor of boost converter 15 µF 
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(a) 
 

 
(b)  

Figure 4. (a) Phase waveforms of input voltage and current on the grid side and (b) zoomed section. 
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Figure 5. The power factor for each phase of the input side. 

 
 

Figure 6. Total DC link voltage response. 
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Figure 7. Load power response. 

 
(a) 
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(b) 

Figure 8. (a) Reference current and inductor actual current response based ANN controller and (b) 
zoomed section. 

 
4.1. Comparative Analysis with PI-Based Controller 
 

A comparative evaluation was carried out against a conventional PI-based controller under identical 
operating conditions. The PI controller was carefully tuned to achieve its optimum dynamic response to 
ensure a fair basis for comparison. The simulation results demonstrate that the ANN controller delivered 
faster transient recovery during load variations and achieved more stable voltage regulation . These 
findings highlight the superior capability of the ANN controller in enhancing both steady-state 
performance and dynamic response. 
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Figure 9. The power factor for each phase of the input side under PI-based control obtained from the 
Simulink simulation results. 

 
 
Figure 10. Total DC-link voltage response of the system obtained from the Simulink simulation under PI-

based control. 
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Figure 11. Load power response of the system obtained from the Simulink simulation under PI-based 

control. 
 

5. Conclusion 
This paper has presented an intelligent dual-loop control strategy based on artificial neural networks 
(ANNs) to achieve simultaneous power factor correction (PFC) and output-voltage regulation of a three-
phase diode-bridge rectifier–boost-converter system. The outer-loop ANN controller regulates the DC-
link voltage, whereas the inner-loop ANN controller shapes the input current to remain in phase with the 
AC supply. A comprehensive mathematical model was developed to capture the nonlinearities and 
dynamic operating conditions, and the ANN approach was shown to handle these challenges effectively. 
 
Comparative simulations conducted under identical conditions demonstrate that the proposed ANN-based 
controller achieved a higher power factor (0.995) and lower total harmonic distortion (THD = 1.7 %) than 
the conventional PI-based controller, while providing faster transient recovery and improved voltage 
regulation. These results confirm the superior adaptability and robustness of the ANN approach, 
validating its advantage over classical control techniques. 
The findings not only meet international power-quality standards but also establish a foundation for 
deploying ANN-based controllers in renewable-energy systems, industrial motor drives, and other high-
performance power-conversion applications. 
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