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 A novel power converter that can perform both voltage and frequency 
conversion was proposed. Inappropriate power supply can damage sensitive 
sub-components and render the connected device inoperable. Henceforth, the 
proposed voltage–frequency converter acts as an interface to plug any 
electrical device directly into an electrical socket and provide the voltage and 
frequency required. The converter used a synchronous reference frame 
proportional–integral (SRFPI) controller to regulate the instantaneous output 
voltage and to improve steady state performance. Because the PI controller 
works together with the synchronous reference frame controller, it is difficult 
to tune the PI control parameters. To overcome this issue, a new meta 
heuristic optimization technique called lightening search algorithm (LSA) 
optimization was used to identify the optimum PI parameter values. A 
detailed description of the system operation and control strategy was 
presented. Finally, the performance of the converter was analyzed and 
verified by simulation and experimental results. The experimental result has 
shown that the proposed system has satisfactory output voltage and 
frequency under different input voltages.
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1. INTRODUCTION 

Voltage-frequency converters are becoming increasingly popular as most personal electrical devices 
are sensitive to the frequency and voltage specified on the device. For instance, a 60 Hz hair dryer can burn 
out on a 50 Hz electricity supply. Thus, the voltage-frequency converter can acts as an interface to plug any 
electrical appliance into a foreign electrical socket and ensure that the device works perfectly. 

Previously, voltage and frequency conversion were performed using a transformer-based converter 
[1], as it has the advantages of simplicity and protection. However, it has some disadvantages such as 
increased power loss, high cost, and heavy weight. This work presents a transformerless power electronic 
based voltage-frequency converter for portable applications that has lower cost, smaller size, and lower 
power loss [2-3]. 

Figure 1 shows the general block diagram of the voltage–frequency converter. A rectifier converts 
the supply voltage into DC voltage and passes it to a DC–DC boost converter to step up the magnitude of 
voltage. The inverter converts the voltage back into an AC voltage and changes the frequency from 50 Hz to 
60 Hz or vice-versa. In addition, a feedback PI controller circuit is used to regulate the load voltage and 
frequency. A low pass LC filter is used at the load side to eliminate high frequency components and hence 
improve the quality of the output voltage. 
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Figure 1. General block diagram of a voltage–frequency converter 
 
 

The most challenging aspects for the realization of the proposed voltage-frequency converter are the 
design of the inverter controller and the tuning of the PI controller. Many advanced control methods were 
developed in recent years to find a solution to control the instantaneous output voltage and the frequency of 
the single phase inverter [4]. LC resonance control [5], dead beat control [6], sliding-mode control [7-8], and 
repetitive control [9] are a few examples; however, these control techniques are quite complex. In [10], a new 
controller based on the synchronous reference frame method is proposed for a single-phase sine wave 
inverter. The synchronous reference frame controller is widely used for three-phase applications; 
meanwhile, it is not well established for single -phase converters. It provides superior performance owing to 
the time-invariant nature of the controller, and thus the inverter control seems similar to a DC–DC converter 
[11-13]. 

The tuning of the PI controller is crucial for avoiding large variations in the control signal. 
Inappropriate selection of PI parameters makes the control loops operate inadequately, resulting in a low 
control performance [14]. Many tuning methods to estimate the parameters of PI controllers are available in 
literature; some of them are model based controllers [15], optimization tuning methods [16-18] and fuzzy 
logic controllers [19-20]. However, these methods generally do not guarantee a consistent, reliable, and 
robust optimal PI controller.  

Therefore, in this work, a recent optimization method called the lightning search algorithm is used 
[21] to obtain the best PI parameters, namely proportional gain kp and integral gain ki. LSA is a metaheuristic 
optimization technique based on the natural phenomenon of lightning, which originates from thunderstorms. 
Generally it provides better results compared to particle swarm optimization (PSO) with a great convergence 
rate [22].A detailed description of system operation and control strategy is presented in Section 2. The 
inverter controller is described in Section 3. The performance of the converter is analyzed and hence verified 
by computer simulation and experimental results in Section 4. Finally, Section 5 presents the conclusions. 
 
 
2. OPERATION OF THE PROPOSED VOLTAGE-FREQUENCY CONVERTER 

The flowchart shown in Figure 2 describes the operation of the proposed voltage-frequency 
converter. It can be described using two different cases depending upon the magnitude of input voltage. 
Figure 3 shows the circuit diagram of the voltage-frequency converter. 

Initially the supply voltage is sensed by a voltage sensor. In the first case, if the sensed voltage is 
equal to 220 V/50 Hz, it passes through the rectifier to convert the fixed frequency AC voltage into DC link 
voltage required for the inverter. The inverter then converts the unregulated DC link voltage back into an AC 
voltage of 110 Vrms and changes the frequency from 50 Hz to 60 Hz by using the synchronous reference 
frame PI (SRFPI) controller. The feedback controller maintains a constant load voltage via the proper tuning 
of the PI parameters by using the LSA optimization method [23]. An Arduino microcontroller board is used 
to generate the gate control signals to drive the inverter [24]. Finally, a low pass filter is connected at the load 
side to eliminate the high frequency components in the output voltage and thereby improve the output 
quality.  

In the second case, i.e., if the supply voltage sensed is not equal to 220 V AC (e.g., 110 V/60 Hz), 
then similar to the previous case, the rectifier performs DC conversion of the supply voltage and the inverter 
converts the DC link voltage back into 230 V AC with a frequency of 50 Hz. Unlike the first case, the boost 
converter is placed at the input side of the inverter to step up the rectified voltage to 400 V DC by varying the 
duty cycle. 
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Figure 2. Flowchart of the proposed converter 
 
 

 
 
 

Figure 3. Circuit diagram of proposed converter 
 
 
3. INVERTER CONTROLLER DESCRIPTION  

Figure 4 illustrates the control scheme used in the proposed voltage–frequency converter. It includes 
an SRFPI controller to regulate the instantaneous output voltage, and an inner current loop and an outer 
voltage loop with a PI controller to improve both transient and steady-state performances, thereby improving 
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system robustness [25]. The reference signal for the inner loop is the output signal of the voltage loop. 
Feedback signal capacitor current and output voltage are given for the inner and outer loops, respectively. 
Because the capacitor current is directly proportional to rate of change of output voltage for any slight 
distortion in output voltage, the inner control loop performs faster and compensates the error. For a single 
phase system, a Park transformation for obtaining the variables in a synchronous (DQ) reference frame is 
given in Equation 1. 
 

𝑉
𝑉

𝑐𝑜𝑠𝜔𝑡 𝑠𝑖𝑛𝜔𝑡
𝑠𝑖𝑛𝜔𝑡 𝑐𝑜𝑠𝜔𝑡

𝑉
𝑉  (1) 

 
The PI parameters in the voltage and current controllers are tuned by the LSA optimization technique. 
Similar to other metaheuristic algorithms, the LSA requires a population to initiate a search. It considers the 
involvement of fast particles known as projectiles to perform unique exploration and exploitation activities 
and search for the optimum solution. The tuned PI controller parameters (kp and ki) based on the LSA 
optimization technique can yield a better disturbance rejection compared to other conventional techniques. 
 
 

 
 

Figure 4. Block diagram of SRFPI controller  
 
 

Hence, the modulated switching signal for the inverter is generated by applying the inverse Park 
transformation to the output of the current controller. Thereafter, the Pulse width modulated (PWM) signals 
to drive the inverter switches are obtained by comparing the modulated switching signal with a triangular 
carrier signal.   

 
 

4. SIMULATION AND EXPERIMENTAL RESULTS 
In this section, to verify the performance of the proposed converter, both system simulation and 

experimental results have been presented. 
 

4.1. Simulation Results 
The simulation is conducted using the MATLAB/SIMULINK tool; Figure 5 depicts the simulation 

model of the proposed voltage–frequency converter. Simulations are performed for two different input 
voltages, 110 V/60 Hz and 220 V/50 Hz.  
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Figure 5. Simulation model of proposed converter 
 
 
Figure 6 shows the output voltage waveform of various stages of the voltage-frequency converter 

for an input of 110 V/60 Hz and a resistive load of 100 Ω. 
 
 

(a) (b) 

 
 

(c) 
 

Figure 6. Simulation results for the proposed converter for an input voltage of 110 Vrms. (a) Rectifier output 
voltage. (b) Boost converter output voltage. (c) Inverter output voltage. 
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Figure 6(a) shows the output waveform of the rectifier where the 110 Vrms is converted into 156 V 
DC. The voltage is then stepped up to 400 V DC in the boost stage, and the waveform obtained is shown in 
Figure 6(b). Figure 6c presents the output waveform at the inverter stage where the DC link voltage is 
converted back into 220 V AC with a frequency of 50 Hz. It is clear that the steady-state error in the output 
voltage is negligibly small. 

Figure 7 shows the output voltage waveforms for an input of 220 V/50 Hz. After rectification, the 
DC voltage is converted directly into 110 Vrms with a frequency of 60 Hz as shown in Figure 7(b). Because 
the rectifier provides the required DC link voltage for the inverter operation, the boost stage is omitted here. 
 
 

 
(a) 

 

 
(b) 

 
Figure 7. Simulation results for the proposed converter for an input voltage of 220 Vrms. (a) Rectifier output 

voltage. (b) Inverter output voltage. 
 

 
4.2. Experimental Results 

The proposed voltage–frequency converter system was set up in a laboratory. The overall system 
can be divided into two parts, namely the power circuit and the control circuit. The power circuit consists of a 
low power DC source, full bridge rectifier module, boost circuit, inverter circuit, LC filter, and sensors. The 
control circuit comprises the driver circuits and microcontroller for performing the control algorithms. The 
control algorithm was implemented on the Arduino Mega 2560 microcontroller board, which is based on the 
ATmega2560 processor. It is a low-cost microcontroller that can act as an interfacing component between 
software and hardware components. The gate signals for the boost converter and the inverter are generated 
through an inbuilt PWM module of the microcontroller. The signal generated from simulink is uploaded to 
the microcontroller chip. As the library for the Arduino is available in MATLAB, the mathematical control 
algorithm can be developed more easily. Arduino provides the advantages of low cost, simplicity, and a clear 
programming environment. Table 1 lists the ratings of the inductors and capacitors used to develop the 
experimental prototype. 
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Table 1: Experimental Parameters  
Parameters Value 

Input Inductance 1.5 mH 
Output Inductance 350 µH 
Input capacitance 3000 µF 

DC link capacitance 100 µF 
Output capacitance 60 µF 

 
 
The experimental waveforms at the rectifier, boost, and inverter stages of the proposed converter are shown 
in Figure 8. 
 
 

(a) 
 

(b) 

(c) (d) 
 
 
Figure 8. Experimental results for the proposed converter for an input voltage of 110 Vrms. (a) rectifier output 

voltage (b) boost converter output voltage. (c) Inverter output voltage without snubber. (d) Inverter output 
voltage with snubber 

 
 

Figure 8(a) shows the rectified voltage for an input of 110 Vrms feeding a 1000 μF capacitor. From 
the waveforms, it is observed that that the ripple factor obtained is 5.3% on each side, which is within 
acceptable limits. Figure 8(b) depicts the boost converter output voltage; Figures. 8(c) and 8(d) represent the 
inverter output voltage. Here, an RC snubber network is utilized to control the voltage transients caused by 
the fast switching of the MOSFET. It can be seen that the inverter output voltage remains sinusoidal with 
only a small distortion observable when it starts conducting. Furthermore, it is clear that all experimental 
results are in good agreement with the simulation results. 

 
 

5. CONCLUSIONS 
This paper has proposed a simple and a compatible portable voltage–frequency converter for low 

power applications. The converter ensures the proper functioning of personal electrical appliances whilst 
traveling, providing the voltage and frequency specified on the device. An SRFPI controller is adopted to 
regulate the system frequency and instantaneous output voltage. Moreover, to simplify the tuning of the PI 
controller parameters, the LSA optimization algorithm is employed, thereby reducing the steady state error 
and hence improving the controller performance. In addition, simulations and laboratory experiments confirm 
the effectiveness of the proposed converter. Control algorithm was implemented on the Arduino Mega 
microcontroller board that interfaces between Simulink model and the hardware prototype. The experimental 
result has shown that the proposed system has satisfactory output voltage control under different input 
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voltages with a ripple factor of 5%, which is in acceptable limit. However, to achieve better performance 
for a wide range of input voltages, SRFPI controller used in the proposed system can be improved with 
advanced control techniques, that form a plan for future research. 
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