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ABSTRACT 

This paper introduces an adaptable control of unidirectional ac-dc boost converters for the purpose 

of mitigating grid power quality. The unidirectional ac-dc boost converter using passive filter with controller 

design to compensate the harmonic current and reactive power. The unidirectional ac-dc boost converter has 

three modes of operation are power factor correction, harmonic current compensation and reactive power 

compensation. Hence both HCC and RPC can operate simultaneously to reduce the distortion of the grid 

current. Estimate the distortion levels of the current under reactive power compensation mode.                              

The effectiveness of the present control method was validate and simulates the results showing improved 

power factor and total harmonic distortion of the grid. Simulation results are validated with the effectiveness 

of the proposed control method.  
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I. INTRODUCTION 

THE boost converter configuration is widely used for power factor correction. In recent year functionality 

of electronic products in the commercial and manufacturing trade market in order to mitigate power quality[1].              

The boost converter is low cost, simple and their performance is well-proven. Since other performance of this 

converter is unfiltered harmonics cause creating abnormal and transformer overheating and uncontrolled reactive 

power increase transmission conduction losses [2], [3]. Therefore it is reduced these effects by means of harmonic 

current compensation and reactive power compensation. To maintain dc-link voltage constantly in orders to feed 

loads depending upon the power ratings.  

Several FACTS technologies all possess the capacity to compensate reactive power [4], [5]. Active power 

filter are another approach to improving grid power quality. APF provides to compensation of harmonic and 

reactive power, in order to reduce unfiltered effects from nonlinear loads and uncontrolled passive loads in power 

system. Conventional topologies with bidirectional power flow are used for APF applications. It exhibit the 

outstanding performance, they may not be the best solution for improve the power quality of an entire power 

system due to high capital and operating cost related to space and installation, as well as power losses due to long 

distance transmission of reactive power.  
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To find more economical solution to mitigating the power quality, Power electronics engineers to include HCC 

and RPC capabilities service in bidirectional power converters. However vehicle-to-grid technology connections required a 

bidirectional power converter [6], [7], which increases system cost and complexity compared to that of a unidirectional 

power converter. For this reason, a unidirectional topology is a preferable configuration for level 1 battery charges in 

electric vehicle and plug-in electric vehicle applications and also ability to improve the stability of ac power system, if they 

can compensate harmonic current and reactive power while fulfilling their basic function of constant dc-bus voltage. This 

paper starts with descriptions of control modes and overall control scheme with HCC and RPC is presented in section II. 

MATLAB/simulink simulation results are shown in section III. Finally, section IV concludes the paper.  

II. CONTROL MODE 

The dual boost PFC converter, often called the bridgeless PFC converter, is one of the most popular unidirectional 

ac-dc boost converters. The proposed control method can improve harmonic current, reactive power for improve grid 

power quality, regulate dc-bus voltage, simultaneously to reduce the distortion and THD and also improve the power factor 

(both HCC and RPC). In the conventional PFC converters consider the input current to be a purely sinusoidal waveform is 

completely in phase with input voltage. Figure 1 shows a common application of proposed unidirectional ac-dc boost 

converters system connected to linear and nonlinear loads. The proposed adaptable control of unidirectional ac-dc boost 

converter has three modes of operation, i.e.., PFC, HCC and RPC. The control algorithms are almost the same as the 

conventional ac-dc converter.  

A. Power Factor Correction Control 

PFC control strategies for single phase ac-dc converters are very common in the literature, basically those 

utilizing feedback and feed forward controllers [8], [9] as shown in Figure 2. Figure 3 simple circuit diagram of 

unidirectional ac-dc boost converters with an input inductor, L and its parasitic resistance, R. Kirchhoff’s voltage law with 

the grid voltage vg, the switch voltage vd and the input line current is yields can be obtained as 

�� =	��� + 		 
��

 +	�
                                                                                                                                             (1) 

Where vg is the instantaneous value of the grid voltage expressed as vg sin (ωt), the producing a sinusoidal input 

current, the Switch voltage has equal to the source voltage identically, with the accurate phase difference due to input 

impedance. The average switch voltage over a swiching cycle in continuous conduction mode can be expressed as 

�
 = (1 − �)�
�                                                                                                                                                        (2) 

 

Figure 1: Proposed Unidirectional Ac-Dc Boost Converter System Connected with Linear and Nonlinear Loads 
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�
�  is the dc output voltage, when the source voltage is in the negative half-period, the sign of the input current 

and switch voltage will be opposite in (1). Therefore the source voltage can be considered as a rectified voltage which can 

be expressed by the absolute sign. This indicates that the bridgeless PFC converter is identical to the boost converter, using 

the single switch in rectified dc link, with its operational principle. Combining (1) and (2), and rearranging in terms of d, 

the duty ratio equation can be obtained as  

d = 
�

���
 ����	 + 		 
��


	� + �1 −	 ������                                                                                                                             (3) 

d FB d FF 

Where, d is the average on-time duty ratio of the switches, Vdc is the output voltage in the dc-link, Vg is the grid 

voltage, and is is the input current of the converter, respectively. In order to classify the duty ratio, d of the system in (3), 

the feedback duty ratio dFB and the feed forward duty ratio dFF can be considered separately. dFB produces the exact phase 

difference between the grid voltage and the average switch voltage(Vd). dFF produces the inverse of the grid voltage 

waveform as the average switch voltage.  

B. Harmonic Current Compensation (HCC) 

Nonlinear loads defined when the current is drawn in abrupt short pulses rather than in a smooth sinusoidal 

manner due to physical properties of the loads such as adjustable speed drives, lighting ballasts or solid state rectifiers. 

According to these properties, the current waveform is non-sinusoidal is called distorted current. Eliminate the harmonics 

in the grid extends the system life and improve the quality of production, also protect our system from overload and 

damage. Distorted current can be decomposed into weighted sum of sinusoids whose frequencies are integer multiples of 

the fundamental frequency through the Fourier series. These component frequencies are called harmonics. Harmonics 

causes disturbances and interferences to other electric facilities, resulting in malfunction or conductor heating. So, it is 

desired to reduce the harmonics in power system.  

 

Figure 2: Conventional Control Algorithm for Unidirectional AC-DC Boost Converter 

 

Figure 3: Simple Circuit Diagram during a Positive Half-Period of the Source Voltage 
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Generally, the distort load current inon can be write in terms of its fundamental ifn and harmonic ihn components as  

                                                                       (4) 

Where ω1 is the line angular frequency and ϴn is the phase difference between the source voltage and input 

current. Assume that the input current from the unidirectional ac-dc boost converter operating in PFC mode is a purely 

sinusoidal waveform. The grid current ig includes harmonic current ihn from a nonlinear load as shown in Figure 4(a). These 

harmonics are undesirable and should be removed. If the unidirectional ac-dc boost converter can generate the harmonic 

current capable of cancelling the harmonic of the nonlinear load, the grid current will be compared of only fundamental 

components of the converter current and load current as shown in Figure 4(b). Therefore, the current reference of new for 

the current controller of the converter from Figure 6 can be expressed as 

��∗ =	 ��∗ sin(!") −	 �#$                                                                                                                                              (5) 

Where, ��∗ is the magnitude reference and provided by the dc-bus voltage controller. The harmonic current of the 

load can be obtained by subtract the measured current from the fundamental load current which can be estimated by a band 

pass filter in real implementations. 

 

(a)  

 
(b) 

Figure 4: Harmonic Current Flow Diagram at PCC, (A) Without HCC, (B) With HCC 

C. Reactive Power Compensation 

Unlike nonlinear loads, the current waveform of a linear load is sinusoidal at the frequency of the power system. 

In contrast, the power factor can be significantly a bad situation when load is capacitive or inductive. Reactive power 

oscillation between the ac source and the capacitor or inductor. This reactive power increases the total current 

unnecessarily in power system, which causes increased conduction loss or deteriorated performance of voltage at the PCC. 

Therefore, reducing reactive power is required.  
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The current flow consisting of the converter current with RPC and the load current consuming reactive power is 

shown in Figure 5 and can be written as 

�� =	 ��% −	&��'                                                                                                                                                         (6) 

�� =	 �(% +	&�('                                                                                                                                                         (7) 

�� =	 �(% +	��% + 	&(�('  −	��'  )                                                                                                                                (8) 

 

Figure 5: Current Flow Diagram at RPC in PCC 

Since the current waveform of the converter in RPC mode is not in sinusoidal, the phase angle of the current 

cannot be conclude by a simple reactive power equation and then phase angle of the converter current can be generated by 

using a PI compensator with error signal between reactive power commands and estimated as, 

) = 	*+�(,∗ − ,) + *�� -(,∗ − ,)�"                                                                                                                   (9) 

��∗ =	 ��∗ s`in(!" + ))                                                                                                                                              (10) 

Where Kpc and Kic is proportional and integral gain of the reactive power compensator, respectively and ) is the 

desired phase to be adjusted from the original current reference. It should be noted in (10) that the current magnitude 

reference ��∗ will be adjusted through the dc-bus voltage controlled to feed active power to the dc load. The reactive power 

will be adjusted by changing the phase angle,). Since,��∗ will be updated by the dc link voltage compensator, as the phase 

angle )	changes, the dc link voltage will be maintained. The proposed control strategy of the unidirectional ac-dc converter 

including a feed forward controller, HCC and RPC is shown in Figure 6. 

Table 1: Simulation Setup 

System Parameter Values 

AC Source Voltage 110Vrms 

Boost inductor 1.4mH 

DC Capacitor 2040/F 

Frequency 50HZ 
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Figure 6: Proposed Control Block Diagram for HCC and RPC Mode 

Table 2 

System Parameter Values 

AC Source Voltage 110Vrms 

Boost inductor 1.4mH 

DC Capacitor 2040/F 

Frequency 50HZ 

 

III. SIMULATION RESULTS 

In order to investigate the effectiveness and performance of the present control method for a unidirectional ac-dc 

boost converter, a 2Kw bridgeless PFC converter model, a nonlinear load and linear load are implemented in 

MATLAB/Simulink. For the evaluations of performances, are simulated: combined operation of HCC and RPC. Figure 7, 

Figure 8 and Figure 9 shows the simulation results in combined HCC and RPC mode with the PFC.  

 

Figure 7: Simulation Results for after Compensation in Combined HCC and RPC Mode 
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Figure 8: Proposed Simulation Circuit for Unidirectional Ac-Dc Boost Converter 

 

Figure 9: Simulation Results before Compensation for Combined HCC and RPC 

In before compensation in converter current also some harmonic will be occur and after its compensation using 

controller design improve the system stability. 

Table 3: Simulation Results after Compensation for Combined HCC and RPC 

Items  
Unidirectional 

Converter  

Nonlinear 

Load  

Linear 

Load  
Grid  

P(W)  2695  412.4  653.6  1486  

Q (VAR)  0  188  15.71  15.71 

THD%  28.48  30  0.35  5.05  

P.F  1.0  0.97  0.78  0.99  

 

IV. CONCLUSIONS 

Since unidirectional converters are connected with ac power system, proposed unidirectional ac-dc boost 
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converters can possess the ability to improve substantially the stability of ac power systems by maximizing the 

functionalities of unidirectional ac-dc boost converter. In this paper, the control method of the unidirectional ac-dc 

converter has been presented to enhance the grid power quality through HCC and RPC. The proposed control method was 

validated through simulation results and shows the improved power factor 0.99 and also reduced total harmonic distortion 

5.05 of the grid.  
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