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 Research and development on power converters are getting more interesting 
in recent years. It is also buttressed by rapid development in related fields, 
such as power semiconductor, digital advanced control, magnetic material 
and use of power converters in many sectors. In addition to the power quality 

matter, simplicity of inverter circuits is another notable aspect that should be 
considered toward economical feature. Adding the quantity of power 
switches will increase complexity of overall inverter circuits. This paper 
discusses a circuit configuration of three-level modified sine wave neutral 
point shorted power inverter which work converting dc power into ac power 
with less number of power switches. To improve the performance and  
feature of inverter circuits, the inverter was equipped with online temperature 
monitoring, and overheat protection based on internet of things. Adding 

online temperature monitoring system makes easier in monitoring of  
circuits to prevent the excessive faults of inverter. Some computer-based  
test data are shown and discussed. Furthermore, experiment results of  
the inverter prototype, and its online monitoring system are presented. Test 
outputs demonstrated that the proposed system worked properly generating  
a three-level modified sine wave voltage, with online temperature  
monitoring system. 
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1. INTRODUCTION  

Power inverter is required when the available power is in the form of dc power, but the power load 

needs ac power. It proceeds a stable or unregulated dc voltage to be a controlled ac voltage with enormity, 

frequency, and phase angle that can be regulated to meet the load requirement [1-4]. Some applications of 

power inverter require a fixed low frequency output current, i.e. 50 Hz or 60 Hz, such as for utility power 

loads, and renewable energy conversion system [5-7]. However, other applications require higher frequency, 
and variable frequency operations such as in induction heating and ac motor drive systems [8, 9]. 

A modern power inverter circuits composed by some controlled circuits such as power IGBTs and 

power MOSFETs. Power IGBTs have merits related with their higher power capability, and ease in 

operation. Power MOSFETs give features such as higher speed switching operation, and low on resistance, 

hence they are suitable for high frequency operation [10, 11]. In order to construct higher power inverter, 

some power IGBTs or MOSFETs can be operated in series or parallel. Another strategy is by applying 

https://creativecommons.org/licenses/by-sa/4.0/
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multilevel inverter circuit configurations such as cascaded H-bridge, diode clamped, flying capacitor and 

hybrid multilevel inverters [12-14]. However, circuit complexity is an important issue introduced by 

multilevel inverter circuits [15-20]. The more power switches, the more complicated gate drive circuits will 

be involved. 

Conventional two level power inverter produces two level ac voltage waveform having large dv/dt 

value. It causes high stress to power switches and insulation. To address this issue, a three-level output 

voltage produced by three-level inverter circuits is able to reduce the gradient voltage and improve output 
waveform quality because of its less waveform distortion [21, 22]. In a three-level diode clamped inverter as 

depicted in Figure 1, four controlled power switches plus two power diodes are necessary to construct  

the power circuits [23-30]. The controlled power circuits of this inverter need four gate drive circuits with 

individual isolated power supply. The power diodes in this circuit will cause more power losses. Therefore, 

circuit complexity and power efficiency are problems that must be addressed in developing a new inverter 

circuits. In addition, in a modern power system, a real time monitoring system of inverter is an important 

aspect to ensure the inverter works well as required [31-33]. It is also needed to prevent the inverter circuits 

from fault that will disturbe the power supply to the load [34-36]. As a result, the reliability of the system  

will increase. 

This paper communicates and discusses a different circuit of three-level neutral point shorted (NPS) 

inverter. The circuit is able to establish a three-level voltage wave to the load with less number of controlled 

switches, simpler driving circuits, and their power supplies requirement. The design of the inverter circuits is 
shown and discussed. Moreover, a laboratory prototype of three-level NPS inverter equipped with online 

temperature monitoring system by using internet of things was constructed and tested in laboratory. 
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Figure 1. Three-level diode clamped inverter circuits [22-29] 
 
 

2. PROPOSED INVERTER CIRCUITS 

2.1.  Circuit configuration 

Figure 2 presents the proposed circuit of three-level NPS inverter. It is composed by three controlled 

power switches, four diodes with two dc voltage sources, VDC. The IGBT switch Q3 and the four diodes 

formed a bidirectional power switch. It can block voltage in two directions, and it is also able to conduct 

current in two ways. The circuit demands three gate drive circuits, and three associated insulated gate drive 

power supplies, only. It is simpler than the three-level diode clamped inverter of Figure 1. 

The operation principle of circuit is discribed in Table 1 and Figure 3. It generates a three-level 

voltage waveform as a modified sine waveform, i.e. +V, 0 and –V voltage levels. Positive level voltage +V is 

generated by ON state of switch Q1 and Q3. While the negative level voltage is produced when the switch 
Q2 and Q3 and are turned ON. The 0 level voltage is produced if switch Q3 is turned ON, while the Q1 and 

Q2 are at OFF state. Power diodes will conduct current if the switch Q3 is at ON condition. The more detail 

operation of inverter is presented in Figure 4. The power switch Q3 conducts current for 0 output voltage 

operation, only. 
 

 

Table 1. Switching operation 
Q1 Q2 Q3 Output Voltage 

ON OFF OFF +V 

OFF ON OFF -V 

OFF OFF ON 0 
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Figure 2. Proposed inverter circuits 
 

Figure 3. Operation modes of proposed inverter 
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Figure 4. Load current paths of inverter: (a) +V voltage, (b) 0 V voltage, (c) –V voltage 

 

 

2.2.  Design and materials of inverter prototype 

A prototype of proposed inverter circuits was designed to operate in the modified sine wave 

operation. To generate control signals of inverter power switches, an arduino mega 2560 was implemented. 

The power inverter circuit was constructed by IGBT switches STGW40N120KD. While the gate drive circuit 

design using optocouplers TLP250 is presented in Figure 5. The optocouplers were supplied by three 

DCP020515. They were required to obtain insulated power supply for each optocoupler. Furthermore, 

temperature sensors DS18B20 were installed at the body of power IGBTs to sense its temperature during 
inverter’s operation. It has capability with temperature operation range until 125°C. The wifi module 

ESP8266 was applied to build an online monitoring of power IGBT’s temperature. To make display of  

the system a LCD (liquid crystal display) is applied. 
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Figure 5. Design of driving circuits 

 

 

2.3.  Hardware implementation 

The prototype of inverter with online temperature monitoring system was set up in laboratory.  
The gate drive signal generator of IGBT switch is imaged in Figure 6(a). While the gate drive circuits 

implemented optocoupler TLP250 is shown in Figure 6(b). Three opto-couplers with three insulated gate 

drive power supplies were used to drive three IGBT switches. While Figure 7 shows configuration of  

the developed online temperature monitoring system. The overall prototype of inverter system is displayed in 

Figure 8 including the power inverter circuits build using IGBT switches and power transformer. This 

transformer is employed to gain higher output voltage of inverter circuits to meet the load requirement. 

 

 

 
 

(a) 

 
 

(b) 

 

Figure 6. (a) Gating signal generator circuits; (b) Gate drive circuits 
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Figure 7. Online monitoring system of inverter power switches 

 

 

 
 

Figure 8. Overall inverter system 

 

 

3. TEST RESULTS 

Computer simulation tests were carried out to examine the developed inverter. The inverter circuit 

was connected with 24 V dc power source, resistor 10 Ω in series with inductor 5 mH. Fundamental 

frequency of ac current was set at 50 Hz. Figure 9 presents test result of inverter’s output voltage and load 

current waveforms obtained using PSIM software. A three-level modified ac voltage was properly produced 
by inverter circuits. Moreover, experiments of prototype inverter system were carried out in laboratory.  

The gating signal circuits of inverter was tested. Figure 10 shows the waveforms of gating signals produced 

by microcontroller. The frequency of the first and second signals is 50 Hz that is the main output frequency 

of inverter, while the third signal frequency is 100 Hz. The third signal is required to create 0 level of ac 

output voltage waveform. The magnitudes of these signals is around 5 V. Furthermore, Figure 11 presents  

the gating signals after passing through gate drive circuits TLP250. The magnitude of these signals is about 

15 V, which is high enough to make the power switch IGBTs operate “ON” and “OFF” properly.  

The inverter was connected to two regulated 12 V dc power supplies as input power of inverter circuit. 

The output voltage of inverter circuits is shown in Figure 12. A three-level voltage, i.e. +12 V, 0 V, 

and -12 V, was produced well by the NPS inverter circuit. Furthermore, the online temperature monitoring 

system was examined to observe the temperature condition of inverter power switches. The results displayed 

by thingspeak is shown in Figure 13. A realtime and update temperature profile of inverter power switches at 
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time range from 15.46 to 15.56 can be observed clearly. It will help in monitoring the operation condition of 

inverter, especially the temperature of inverter’s switches which are very important to make power inverter 

operates properly. 

 

 

 
 

Figure 9. Output voltage and load current waveforms 
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Figure 10. Gating signals of inverter’s switches: (a) gating signal Q1,  

(b) gating signal Q2, (c) gating signal Q3 
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Figure 11. Output signals of gate drive circuits TLP250: (a) gating signal of Q1,  

(b) gating signal of Q2, (c) gating signal of Q3 
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Figure 12. Output voltage of inverter 

 

 

 
 

Figure 13. Online temperature monitoring results of switches Q1 and Q2 

 

 

4. CONCLUSION 

A simple circuit of three-level NPS voltage source inverter has been designed, tested and discussed 

in this paper. The new inverter can simplify circuit configuration of inverter by reducing the power devices 

and their control circuits compared to the conventional three-level diode clamped inverter. An online 

monitoring system of inverter’s switches were designed and implemented to monitor the temperature of 
inverter’s power switches. A laboratorium prototype of the inverter circuits and its online monitoring system 

was developed and tested in laboratory. The inverter circuits worked properly generated a modified sine 

wave three-level voltage waveform. Furthermore, the online monitoring system of inverter  

switches temperature was also confirmed worked well scanning the reatime temperature condition of  

inverter switches. 
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