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Abstract— Inverters have been widely used since more 

devices require alternating current (AC) voltage source. 

However, these devices require a stable AC voltage source, so 

that the device is not easily damaged. The solution is to control 

the inverter output voltage to be applied as a standalone power 

supply. The main problem is that standalone power supplies 

generally use conventional inverters. Conventional inverters 

require high switching frequencies and large inductance filters 

so that harmonic distortion at undesirable voltages that affect 

the durability of electrical equipment does not exceed the IEEE 

519 standard. The purpose of this research is to provide a 

solution using a single-phase five-level inverter for stand-alone 

power supply applications. This research method applies a new 

control strategy on sinusoidal pulse width modulation (SPWM) 

to control the output voltage of a single-phase five-level inverter. 

The SPWM signal is generated by comparing two sinusoidal 

reference signals that are shifted 180 degrees with two cascaded 

carrier signals. This research has been verified by simulating, 

implementing, and testing the THD voltage in the laboratory. As 

a result, the output voltage of the five-phase single-phase 

inverter has been controlled based on the reference voltage with 

a voltage THD value of 4.39%. This meets the standard THD 

voltage from IEEE 519 below 5%, so it can be applied as a stand-

alone power supply. Another advantage, this inverter uses an 

asymmetric topology with fewer power switches compared to 

other topologies of five-level inverters. 

Keywords— Five-level inverter, asymmetric, stand-alone 

power supply, THD. 

I. INTRODUCTION 

The research of inverter technology is continuing in the 

era of digital transformation [1]–[3]. Hence, in the era of 

digital transformation, many devices use AC sources [4], [5]. 

The main problem is that many devices that use AC sources 

require a controlled AC voltage source based on the standard 

THD voltage from IEEE 519 so that the device is not easily 

damaged [6]–[8]. A stand-alone power supply is a solution 

because it can produce a controlled AC voltage as desired [9]. 

A stand-alone power supply usually using a conventional 

inverter [10]. Conventional inverters use a high switching 

frequency so that they require a large inductor filter to get a 

low defective voltage level on the output side is a problem in 

this case [11]. The multilevel inverter is used as standalone 

power supplies to solve the problem because it can be 

operated at low switching frequencies [12].  

Research on power inverters used to reduce harmonics is 

by using multilevel inverter technology without having to use 

large inductor filters [13], [14]. In general, multilevel 

inverters do not require large inductor filters to produce low 

harmonics because the SPWM switching frequency is low 

[15]. A single-phase multilevel inverter which exists is 

divided into three types such as cascade, diode clamped, and 

flying capacitor [16], [17]. A single-phase five-levels with 

the cascade topology has eight power switches [18]. The new 

research of cascaded a single-phase five-level inverter has six 

power switches [19]. In a single-phase five-levels with flying 

capacitor topology using eight power switches [20]. The new 

research of the flying capacitor which uses hybrid methods 

(combined with another topology) has six power switches 

[21]. 

A asymmetric single-phase multilevel inverter is used to 

resolve that problem [22]. The asymmetric method provides 

a voltage value which is different for every amount input 

source [23]. The asymmetric type five-level inverter has the 

advantages that the amount of switches used less than other 

five-level inverters so that it has a simpler switching and is 

easier to control [24], [25]. This asymmetric five-level 

inverter uses a zero-crossing detector to correct unbalanced 

signal forms (spikes/sags between positive and negative 

cycles) so that the system becomes more stable [26]. 

The purpose of this research is to produce a single-phase 

five-level inverter for stable stand-alone power supply 

applications. A stable stand-alone power supply is made by 

applying a proportional-integral (PI) control to controlling 

the output voltage of a single-phase five-stage inverter [27]. 

The single-phase five-level inverter uses a new control 

strategy in the sinusoidal pulse width modulation (SPWM) 

method such as described in section 2. The advantage of this 

research method is that the number of power switches used is 

less than the single-phase five-level inverter with other types 

of topology. In section 3, verification of this strategy is 

carried out by simulation and testing of the hardware in the 

laboratory. In section 4, the hardware implementation results 

produce an output voltage that is compared to the THD 

standard voltage from IEEE 519. This research is important 

to develop because there are so many devices in the industry 

and others that require a stand-alone power supply as a stable 

AC voltage source so that these devices are not easily 

damaged by voltage harmonics. 
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II. RESEARCH METHODS 

This research uses a method such as the flow chart shown 

in Figure 1. The research method is carried out by reviewing 

the literature, identifying existing problems, simulation, 

hardware implementation, testing, and concluding based on 

the test results. The research started by learning the literature 

related to the five-level single-phase inverter. Based on this 

literature, several problems were identified. The fist solving 

of a problem in a five-level inverter is simulated using Power 

Simulator (PSIM) software to verify the method. Simulation 

verified by hardware implementation in laboratory. Each 

simulation and implementation are tested and retrieval the 

data. In the final stage, THD will be tested in order to produce 

conclusions. The conclusions obtained will be used to 

overcome this problem. 

  

 

Fig. 1. Research method flow chart 

The new research of asymmetric single-phase five-level 

has five power switches (S1-S5) as shown in Figure 2 [28]. 

This inverter requires two separate DC sources (E). The diode 

(D1) in the asymmetric single-phase five-level inverter is 

operated in forwarding bias. At the end of the output of the 

five-level inverter is given an inductor filter (L), before going 

to the load (R). The output voltage of the inverter measured 

at the load is called VO. 

 

 
Fig. 2. Asymmetric singlet-phase five-level inverter topology 

A. Five-Level Inverter Operation Mode 

This five-level single-phase inverter has five modes of 

operation [29]. In the first mode of operation the power 

switches (S5), (S1) and (S3) are energized. In the second 

mode of operation both the power switches (S1) and (S3) are 

energized. The third mode of operation is the freewheeling 

condition. In the fourth mode of operation the both power 

switches (S2) and (S4) are energized. In the fifth mode of 

operation the power switches (S5), (S2) and (S4) are 

energized. 

1) Operation mode 1 

 

Fig. 3. Operation mode 1 

When power switches S5 and S1 are induced by current, 

current flows from the DC source (E + E) to the load. When 

current induces power switch S4, current flows back to the 

DC source (E + E). Operation mode 1 is illustrated in Figure 

3. The equation for operation mode 1 is represented in (1). 

This voltage equation explains that the inverter input voltage 

of 2E is the sum of the voltage on the inductance filter (VL) 

and the inverter output voltage (VO). 

 2𝐸 = 𝑉(𝐿) + 𝑉(𝑂) (1) 
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2) Operation mode 2 

 

Fig. 4. Operation mode 2 

When the power switch S1 and the diode D0 are induced 

by current, current flows from the DC source (E) to the load. 

When the power switch S3 is induced by the current, the 

current flows back to the DC source (E). Operation mode 2 is 

illustrated in Figure 4. The equation for operation mode 2 is 

represented in (2). This voltage equation explains that the 

inverter input voltage of E is the sum of the voltage on the 

inductance filter (VL) and the inverter output voltage (VO). 

 𝐸 = 𝑉(𝐿) + 𝑉(𝑂) (2) 

 

3) Operation mode 3 

 
(a) 

 
(b) 

Fig. 5. Operation mode 3. (a) Positive Cycle. (b) Negative Cycle 

 𝑉(𝐿) +  𝑉(0) = 0 (3) 

In this mode is freewheeling. There are two stages of the 
freewheeling condition, which are a positive cycle and a 
negative cycle. After the current flows on the power switches 
S1 and S3, freewheeling occurs on the positive cycle. After 
the current flows on the power switches S2 and S4, 
freewheeling occurs on the negative cycle. Operation mode 3 
is illustrated in Figure 5 (a). Positive cycle. Figure 4 (b). 
Negative cycle. This voltage equation explains that the sum 
of the voltage on the inductance filter (VL) and the inverter 
output voltage (VO) is 0. The equation for mode of operation 
3 is represented in (3).  

4) Operation Mode 4 

 

Fig. 6. Operation mode 4 

When power switch S2 and the diode D0 are induced by 

a current, current flows from the DC source (E) to the load. 

When current induces power switch S4, current flows back to 

the DC (E) source. Operation mode 4 is illustrated in Figure 

6. The equation for operation mode 4 is represented in (4). 

This voltage equation explains that the inverter input voltage 

of -E is the sum of the voltage on the inductance filter (VL) 

and the inverter output voltage (VO). 

 −𝐸 = 𝑉(𝐿) + 𝑉(𝑂) (4) 

 

5) Operation Mode 5 

 

Fig. 7. Operation mode 5 

When the power switch S5 and S2 are induced by the 

current, current flows from the DC source (E + E) to the load. 

When the power switch S4 is induced by current, the current 

flows back to the DC source (E + E). Operation mode 5 is 

illustrated in Figure 7.  
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The equation for operation mode 5 is represented in (5). 

This voltage equation explains that the inverter input voltage 

of 2E is the sum of the voltage on the inductance filter (VL) 

and the inverter output voltage (VO). 

 −2𝐸 = 𝑉(𝐿) + 𝑉(𝑂) (5) 

According to the mode of operation (1-5), a switching 

table for each power switch is obtained as shown in Table 1. 

TABLE I.  SPWM GATE SWITCHING 

S1 S2 S3 S4 S5 VO 

1 0 1 0 1 2E 

1 0 1 0 0 E 

1 0 0 0 0 0 

0 0 0 1 0 0 

0 1 0 1 0 -E 

0 1 0 1 1 -2E 

B. The Stand-Alone Control Strategy 

 

Fig. 8. Power circuit along with five-level inverter control circuit  

The Stand-Alone Control Strategy is divided into two 

parts, which are the power circuit and the control circuit. The 

power circuit consists of five power switches such as (S1-S5), 

one power switch that functions as a diode (D1), two separate 

DC sources for each voltage of E, inductor filter (L), and load 

(R). The SPWM signal on each power switch is obtained 

from the control circuit. The control circuit uses a reference 

signal in the form of a sinusoidal signal and an actual signal 

from the voltage sensor was reading.  

The reference signal is subtracted from the actual signal 

to produce an error signal. The error signal is entered into the 

PI control to produce a PI signal. The PI signal is multiplied 

by -1 to get a MIN signal that is shifted by 180 degrees. PI 

and MIN signals as reference are modulated with the carrier 

signal through the comparator circuit in the control circuit to 

produce SPWM signals for each power switch. The power 

and control circuit schematic is shown in Figure 8.   

The single-phase five-level inverter is programmed using 

the Arduino Due microcontroller. The programming 

algorithm begins by reading the reference signal and reading 

the actual signal from the inverter output voltage. Then the 

reference signal is subtracted from the actual signal and 

entered into the PI control. The PI value that was shifted by 

180° was initialized with MIN. If the value of PI is greater 

than car1 then S1 has logic 1. If the MIN value is greater than 

car1 then S4 has logic 1. If the PI value is greater than car2 

then A will have logic 1.If the MIN value is greater than car2 

then B will have logic 1. Otherwise, S1, S4, A, and B will 

have logic 0. The result of A or B is S5. The values greater 

than the limit of 0 are initialized as offset. If the PI value is 

greater than the offset value, S3 has logic 1 and S2 has logic 

0. If the PI value is less than the offset value, so the S3 will 

have logic 0 and S2 has logic 1. The programming algorithm 

is shown in Figure 9. 

 

Fig. 9. Programming algorithm 
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III. RESULT AND DISCUSSION 

Voltage control on a single-phase five-level inverter has 

been simulated in the Power Simulator software. The 

simulation parameters are shown in Table 2. 

TABLE II.  THE SIMULATION PARAMETERS 

Parameter Value 

DC Source (E) 35 V 

Inductance Filter 2 mH 

Load 60Ω 

Carrier signal frequency 5 KHz 

 

Figure 10 shows the SPWM signal on each power switch. 

SPWM is applied using two reference signals. The first 

reference signal is PI. The PI phase was shifted to 180, a 

second reference signal (MIN) was obtained. PI and MIN 

signals are modulated with two carrier signals, it is car1 and 

car2. The carrier signal used is a triangular wave signal and 

has a frequency of 5 KHz. The carrier signal used is a 

triangular wave signal and has a frequency of 5 kHz. The first 

carrier signal (car1) is on the first level and the carrier signal 

(car2) on the second because they have different DC offsets. 

Power switch S1 known as high (H1) and S2 as H2 cannot be 

active simultaneously. The power switch S4 known as low 

(L1) and S3 as L2 also do not turn on simultaneously. 

Likewise, for H1 and L1, both of them should not be active 

at the same time as H2 and L2. They don't turn on at the same 

time in each cycle, 2E, E, 0, 0, -E, -2E.  

 

Fig. 10. SPWM signal on each power switch  

The success parameter of controlling the output voltage 

on the asymmetric single-phase five-level inverter is seen in 

the actual signal generated. Figure 11 shows the simulation 

results of the actual signal (Vact) following the reference 

signal (Vref). This proves that the output voltage of the 

asymmetric single-phase five-stage inverter has been 

successfully controlled. So it can be used for stand-alone 

power supply applications as a stable voltage source. 

 

Fig. 11. The results comparison of actual (Vact) and reference (Vref) 

The simulation results were successfully carried out by 

displaying five levels of stress. Five voltage levels are 

displayed by measuring the voltage at the input inductance 

filter (VL). While the measurement results of the output 

voltage at the load generate a VO signal. The simulation 

results for VL and VO signals are shown in Figure 12. 

 

Fig. 12. Inverter output signal before filter (VL) and after filtering (VO)  

The output current of the asymmetric single-phase five-

level inverter is shown by placing a current meter in series 

between the inverter output and the inductor filter. The 

current generated by the asymmetric single-phase five-level 

inverter is initialized with IO. The simulation results for VO 

and IO are shown in Figure 13.  

 

Fig. 13. Inverter output signal VO and IO  

A. The Implementation Results in the Laboratory 

Figure 14 shows the implementation of an asymmetric 

single-phase five-level inverter in the laboratory. This 

implementation is to verify the results of simulation. 

Implementation data are taken using an oscilloscope. The 

implementation parameters are shown in Table 3. 
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Fig. 14. Hardware implementation 

TABLE III.  THE IMPLEMENTATION PARAMETERS 

Parameter Value 

DC Source (E) 35 V 

Inductance Filter 2 mH 

Bulb Load 100 Watt 

Carrier signal frequency 5 KHz 

 

Fig. 15. Data from oscilloscope for S1 and S4 

 

Fig. 16. Data from oscilloscope for S2 and S3 

 

Fig. 17. Data from oscilloscope for S5 

Figure 15 shows the SPWM switching for power switches 

at the S1 and S4. The SPWM for power switches S2 and S3 

is shown in Figure 16. The SPWM for power switches S5 is 

shown in Figure 17.  

 

Fig. 18. The results of measuring Vact and Vref signals using an oscilloscope 

The results of measurements using an oscilloscope on a 

single-phase five-level inverter implemented in the 

laboratory show that the actual voltage (Vact) always follows 

the reference voltage (Vref) and is shown in Figure 18. Figure 

18 has verified the simulation results in Figure 11. Hence, the 

asymmetric single-phase five-level inverter can be used for a 

stand-alone power supply as a stable voltage source.  

 

Fig. 19. The results of measuring VL and VO signals using an oscilloscope 

Figure 19 shows the output voltage before filtering (VL) 

and the output voltage after filtering (VO). Figure 19 has 

verified the simulation results from Figure 12. Figure 20 

displays the output voltage (VO) and the inverter output 

current (IO). Figure 20 has verified the simulation results 

from Figure 13.  

 

Fig. 20. The results of measuring VO and IO signals using an oscilloscope 
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Based on the simulation and implementation results, 

control of the five-level inverter output voltage is running 

well. This is evidenced by measuring the THD voltage value 

using the HIOKI 3286-20 THD power meter record function. 

Figure 21 shows the THD measurement results of 4.39%.  

 

Fig. 21. The measurement result of the THD value 

In general, inverters used in standalone power supply 

systems are conventional inverters with high frequency and 

large inductance filters to obtain a low voltage THD. The 

solution is to use a multilevel inverter for standalone power 

supply applications [30]. The advantage of this study 

compared to similar studies is that it uses an asymmetric five-

level single-phase inverter with a smaller number of power 

switches. Based on the test results, the output voltage of the 

asymmetrical single-phase five-level inverter has been 

controlled and can be used for stable stand-alone power 

supply based on the IEEE 519 voltage THD standard (Below 

5% for 2.3 - 69kV usage). 

IV. CONCLUSION 

The five-level inverter with five power switches has been 

simulated and verified by implementation in the laboratory. 

The SPWM control design on an asymmetric five-level 

single-phase inverter produces an actual voltage that has 

followed the reference voltage. This proves that the control 

strategy that has been implemented can be running well. 

Based on these results, the asymmetric five-level single-

phase inverter can be applied as a stable independent power 

supply with a voltage THD value of 4.39% based on the IEEE 

519 harmonic standard.  
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