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 In this study, a new integrated circuit design called H-bridge multilevel 

inverter matrix converter (HMIMC), which combines a multilevel inverter 

(MI), a matrix converter (MC), and an H-bridge circuit, is developed. It aims 

to generate a high number of output voltage levels that reduce the component 

count (CC). The MI step is used to control the positive voltage source, where 

the output of MI is connected to the input of MC. The MC is used to share the 

positive input voltage due to output phases, depending on the requirements. 

Afterward, the H-bridge circuit is used in each phase to select the positive or 

negative output voltage. The main contribution of this design is that the MI 

does not need to be repeated thrice to produce a three-phase output voltage. A 

seven-level (7L) and thirteen-level (13L) of proposed circuit is presented, 

followed by a new algorithm operation that is used for suitable switching 

control. Afterward, MATLAB simulation is used to check the operation 

process, output signals of voltage and current, and total harmonic distortion 

(THD) results. Then hardware circuit of the proposed system is implemented 

to verify the design. Lastly, a brief comparison in terms of CC is conducted. 
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1. INTRODUCTION 

In the first generation of multilevel inverters (MIs), the main challenges include how to connect power 

electronics with high-power applications and how to decrease total harmonic distortion (THD). At that time, 

four traditional MIs were designed: diode clamped MI [1], flying capacitor MI [2], cascaded MI [3], and 

generalized MI [4]. At the same time, four common switching algorithms were found: space vector control [5], 

selective harmonics elimination [6], [7] as low switching frequency. Space vector pulse width modulation 

(PWM) [8], [9], and sinusoidal PWM as high frequency control [10]. 

Afterward, many optimized design systems have been developed to decrease component count (CC), 

switching frequency, and power losses. While others are focused on increasing the number of output voltage 

levels, several MI designs that decrease CC without using an H-bridge circuit (e.g., T-type inverters (TTIs) 

[11]-[13], cascaded bipolar switched cells (CBSCs) [14], and packed-U cell topology [15]-[19] have been 

studied. In addition, several designs with an H-bridge circuit (e.g., cascaded half bridge-based multilevel DC-

link inverter (MLDCL) [20], switched series/parallel sources (SSPS) MI [21], series-connected switched 

sources (SCSS) MI [22], [23], multilevel module (MLM) [24], reversing voltage (RV) MI [25] and two 

switches enabled level generation (2SELG) MI [26] have been studied to reduce the CC [26]. MI operation has 

several methods, and some of them use low switching frequency operations (e.g., equal phase (EP), half EP, 

https://creativecommons.org/licenses/by-sa/4.0/
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half height, feedforward, nearest level control (NLC), and nearest vector control (NVC)  

methods) [27], [28]. Others use high switching frequency (e.g., space vector modulation (SVM) and PWM). 

Matrix converters (MCs) are widely used in industrial applications as an AC-AC converter. MCs have 

two types: direct and indirect. Indirect MCs use dual converters; the first is an AC-to-DC converter, and the 

second is a DC-to-AC converter. Thus, a DC link is required. Direct MCs are traditional MCs that contains 

three-by-three switches. Overall, nine bidirectional switches are used, and the main application of this type of 

MC is to drive the electrical motors. The traditional algorithm operation of MCs (e.g., SVM and Venturin 

modulation [29]) have been studied. Then, recent MC algorithms, such as hysteresis band, direct torque control, 

model predictive control, and sliding mode control have been studied [30]. 

However, many converters use multilevel and matrix design and structures as a features to support 

the conversion operation, previous studies have supported MCs with multilevel features inside their designs, 

such as stacked MC [31], sparse MC [32], hexagonal MC (hexverter) [33], and matrix interleaved  

converter [34]. The hybrid design of multilevel and matrix structure designs, such as multimodular [35]-[37], 

cascaded [38], and flying capacitor MIs [39], have been presented. In terms of indirect MCs, several studies 

have used MIs on DC-to-AC side (e.g., neutral point clamped MI [40], and T-type MI [41]). By contrast, inside 

direct MCs are MI connection (e.g., multilevel MC [42] and a new design of MC to generate a five-level 

(multilevel) output voltage [43]. 

In this study, a new connection between MI, direct MC and H-bridge circuit (HMIMC) is linked in series, 

as shown in Figure 1. The proposed system is designed to reduce the CC. The proposed HMIMC uses a novel 

algorithm operation called voltage selection algorithm (VSA) to provide a simple and suitable operation. MATLAB 

simulation is used to check the appropriateness of the circuit and its operation. lastly, a new CC equation of the 

proposed circuit is found and compared with top recent MIs that focus on reducing the CC switches. 
 

 

3-by-3

Matrix converter
Positive MI

3 Phase 

Load
H-bridge

 
 

Figure 1. Schematic of the proposed circuit 
 

 

2. OVERVIEW OF HMIMC 

The proposed circuit HMIMC has three main steps; positive MI step, MC step, and H-bridge step. A 

seven-level (7L) HMIMC example is shown in Figure 2. The MI has three different voltage supplies, and each 

one has 100 V connected in series. Moreover, six isolated gate bipolar transistor (IGBT) switches are needed 

in this example, and two switches are needed for each voltage supply. Three different output voltages of MI 

are connected to the input of the MC. The traditional three-by-three MC is used; in MCs, three input voltages 

are received, and three output voltages are produced. The MC has nine switches; the operation of the MC 

switches is presented in the next section. Afterward, the output of the MC is connected to the H-bridge circuit 

to keep the output voltage positive or negative based on the requirement. Each phase needs four IGBT switches 

for the H-bridge circuit, that is, a total of twelve IGBT switches are required. 

 

 

3. THE PRINCIPAL OPERATION OF HMIMC 

The operation of HMIMC starts by generating all the voltages in MI from 0 V to 300 V within 

a 100 V level shift. If the HMIMC in Figure 2 is used, then 300 V is produced from the MI when S5 is 0 and 

S6 is1; at 200 V, S5 is 1 and S6 is 0. To generate 200 V and 100 V in the second leg of MC, S4 is 1 and S3 is 

0, and for 100 V S4 is 0 and S3 is 1. To generate 100 V in the third leg of MC, switches S1 and S2 are (0,1) 

respectively, as shown in Table 1. 

Afterward, the MC step is performed, the MC has three-by-three switches, and is operated and 

controlled using a three-by-three mathematical matrix. The nine switches of the MC are S11, S12, and S13 for 

the first column; S21, S22, and S23 for the second column; S31, S32, and S33 for the third column, in (1). 

 

𝑀𝐶 = [
𝑆11 𝑆12 𝑆13
𝑆21 𝑆22 𝑆23
𝑆31 𝑆32 𝑆33

] (1) 
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Lastly, the H-bridge step is used to set the negative and positive voltages of each phase, where the 

negative voltage uses the opposite operation of the positive trigger. When the positive voltage is needed, S1 

and S4 are turned on at H-bridge circuit, and S2 and S3 are turned off. The operation of the H-bridge can be 

used in phases A, B, and C. 
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Figure 2. 7L HMIMC circuit 
 

 

Table 1. Valid switching states of 7L HMIMC 
# V MI H-bridge (phase A) H-bridge (phase B) H-bridge (phase C) 

S1 S2 S3 S4 S5 S6 Sa1 Sa2 Sa3 Sa4 Sb1 Sb2 Sb3 Sb4 Sc1 Sc2 Sc3 Sc4 

1 300 X X X X 0 1 1 0 0 1 1 0 0 1 1 0 0 1 

2 200 X X 0 1 1 0 1 0 0 1 1 0 0 1 1 0 0 1 

3 100 0 1 1 0 X X 1 0 0 1 1 0 0 1 1 0 0 1 

4 0 1 0 X X X X X X X X X X X X X X X X 

5 -100 0 1 1 0 X X 0 1 1 0 0 1 1 0 0 1 1 0 

6 -200 X X 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 

7 -300 X X X X 0 1 0 1 1 0 0 1 1 0 0 1 1 0 

 

 

4. VOLTAGE SELECTION ALGORITHM 

After the operation of the proposed circuit using MI, MC, and H-bridge circuits are presented. A new 

topology called VSA is found to simplify the overall operation. In this algorithm, the voltage is classified into 

groups with three different voltages. In our example of 7L HMIMC, three different VS groups (VS1, VS2, and 

VS3) are needed, as shown in Table 2. Each group has three different voltages. VS1 has 300, -100, and  

-100 V; VS2 has 200, -200, and 0 V; and VS3 has 100, -300, and 100 V. SMC1 is the first input of the MC and 

received voltages from MI either 200 or 300 in positive and either -200 V or -300 V in negative after included the 

H-bridge affections. Similarly, SMC2 received voltages of ±100 V or ±200 V, and SMC3 either 0 V or ±100 V. 

For example, if a half period sequence of phase A is needed to generate from 300 V to -300 V, then 

the 300 V and 200 V are selected from VS1 and VS2, respectively, by connecting SMC1 and SMC2 to phase 

A respectively. Then, SMC3 is connected to phase A, and the following voltages are generated; 100, 0 

and -100 V from VS3, VS2, and VS1. Lastly, -200 V and -300 V are generated when phase A is connected to 

SMC2 and SMC1 respectively, as shown in Figure 3. 
 

 

Table 2. Voltage selection algorithm groups 
VS groups Voltage values (V) 

SMC1 SMC2 SMC3 

VS1 ±300 ±100 ±100 

VS2 ±200 ±200 0 

VS3 ±200 ±300 ±100 
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Figure 3. Operation path of the half cycle 

 

 

When VS1 is used to generate 300 V to phase A, phase B and phase C have -100 V generated from 

the same VS group. In addition, when phase A uses 200 V, phase B has -200 V, and phase C has 0 V. 

Consequently, the operation of the VS is either forward (VSf) from VS1 to VS3 or backward (VSb) from VS3 

to VS1. The (2) and (3) presents the above process. 

 

𝑉𝑆𝑓 = [
VS1
VS2
𝑉𝑆3

] = [
1 0 0
0 1 0
0 0 1

] (2) 

 

𝑉𝑆𝑏 = [
VS1
VS2
VS3

] = [
0 0 1
0 1 0
1 0 0

] (3) 

 

The operation of VS groups should be synchronized with the MC operation. The MC has six different 

state-matrix moods (M) known as M1, M2, M3, M4, M5, and M6 as shown in (4)-(9). 

 

𝑀1 = [
0 0 1
0 1 0
1 0 0

]  (4) 

 

𝑀2 =  [
1 0 0
0 1 0
0 0 1

]  (5) 

 

𝑀3 =  [
1 0 0
0 0 1
0 1 0

] (6) 

 

𝑀4 =  [
0 0 1
1 0 0
0 1 0

] (7) 

 

𝑀5 =  [
0 1 0
1 0 0
0 0 1

] (8) 

𝑀6 =  [
0 1 0
0 0 1
1 0 0

] (9) 

 

Where 1 means the switch is turned on and 0 is turned off. 

To summarize the operation of HMIMC, Figure 4. Shows the overall operation of the HMIMC flow 

process. The input voltages of MC (SMC1, SMC2, SMC3) are changed by each step. At each step one VS 

groups is selected (VS1, VS2, VS3). The MC has six different state-matrix moods (M1, M2, M3, M4, M5, M6) 

synchronized with the voltage selection groups to generate the three phase output voltages. 

The main advantage of using the VS algorithm is it can make the operation of the MI, MC, and 

H-bridge steps uniform. The VS algorithm can be optimized by using another common pervious operation 

technique, which is presented before. 
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Figure 4. Overall operation of HMIMC 

 

 

5. GENERAL FORM OF HMIMC 

The general form of HMIMC to generate higher number of voltage level is presented in this section. 

As previously illustrated, HMIMC has three main steps; MI, MC, and H-bridge circuit. In the general form of 

HMIMC, the number of switches of the MC and H-bridge circuit is not increased; MC uses nine switches, and 

the H-bridge circuit uses twelve switches. The MI step varies when the number of HMIMC level varies; the 

relation of the number of levels of HMIMC and the number switches of MI steps is shown in Table 3. 

The MI, MC, and H-bridge circuits use the common IGBT switch. The IGBT switch can be classified 

into unidirectional (UDS) and bidirectional (BDS) switch. UDSs use a single switch, whereas BDSs use two 

connected UDSs, as shown in Figure 5. A common-emitter BDS is shown in Figure 5(a), a common-collector 

BDS is shown in Figure 5(b), and a reverse UDS is shown in Figure 5(c) used two UDS. If the diode bridge 

BDS is used, only a single UDS is used, as shown in Figure 5(d). 
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Table 3. Equation of the HMIMC component count 
HMIMC No. of switches Switch type 

MI 
3((

𝑛𝑙𝑒𝑣𝑒𝑙𝑠 − 1

6
) + 1) 

# Unidirectional switch 

MC 9 # Unidirectional switch 
H-bridge 12 # Unidirectional switch 

 

 

(a)  (b)  (d) (c)

 
 (a) (b) (c) (d) 
 

Figure 5. Types of bidirectional switch using IGBT [40]: (a) common-emitter BDS,  

(b) common-collector BDS, (c) reverse UDS, and (d) diode bridge BDS 
 
 

6. RESULTS 

MATLAB Simulink is used to validate the proposed HMIMC circuit design operated by the VSA 

operation. In the Simscape/power systems toolbox library, the IGBT with freewheeling diode, voltage power 

supply, and load is selected. The IGBT switch has two operation mode: turned on when the gate has a value of 

1 and turned off when its value is 0. 

However, a simple hardware design of the proposed circuit is implemented. The IGBT 

(IRG4BC30PF) is used and controlled by an Arduino Mega Microcontroller. The IGBT uses a TLP250 gate 

driver, and the Arduino Mega uses a BC337 transistor to switch the gate driver and decrease the current 

absorbed by the microcontroller, as shown in Figures 6 and 7. 

The proposed VSA operation is used by simulation and practice. MI operations have different types, 

as previously mentioned. The VSA is used to simplify the previous type of operation when acting in the 

HMIMC design. In this study, the VSA involved by the EP operation is presented. Afterward, the VSA 

involved by NLC is presented in the subsequent section. 
 
 

 
 

Figure 6. Schematic of the IGBT controlled by Arduino Mega 
 
 

 
 

Figure 7. Practical implementation of 7L HMIMC 
 

 

6.1.  Equal phase with voltage selection algorithm 

In the EP method, the single period is divided equally into the available number of levels, and then it 

generates a triangular output voltage signal, as shown in Figure 8. Three voltage sources are used; each one 
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has 100 V, and then a 300 V in positive and 300 V in negative can be generated. Overall, a 600 V peak-to-peak 

output voltage can be produced. 

Three-phase of 100 ohms load is connected to 7L HMIMC. The current generated by the circuit is 

presented in Figure 9. The generated signal of current is same of voltage divided by resistive load, and the system 

operated at 50 Hz. Afterward, the switching frequency operation increased seven times to use nearest level control 

(NLC). Further details about the operation HMIMC using VSA and NLC are presented in the following section. 
 

 

  
 

Figure 8. Voltage output signal of 7L HMIMC 
 

Figure 9. Current output signal of 7L HMIMC 
 

 

6.2.  Nearest level control with voltage selection algorithm 

In the NLC the switching frequency should be increased; in this study, the switching frequency is 

increased seven times, that is, from 50 Hz to 350 Hz, which is still classified as low switching frequency. In 

the NLC, the output voltage be more sinusoidal will that could be reduce the THD. That purify on the output 

signal comes when the error of pure sine wave voltage is compared with proposed output voltage signal. 

However, as known the slope of pure sinusoidal at zero is higher than the slope at peak voltage. Increase the 

slope value, caused to decrease the time delay depends on the number of levels and levels value. 

At 350 Hz, the same voltage level (7L) and same voltage value of 50 Hz are used, the sample time 

(ST) varies depending on the voltage value. The sample time and voltage value are found using MATLAB 

Simulink, as shown in Figure 10. The ST of 300 V is 15 ST; at 200 V, it is 7 ST; at 100 V it is 4 ST; and at 0 

V it is 5 ST. The ST of 0 V is higher than 10V because the 0V ST is used in positive and negative time. In one 

period, only two STs of 0 V are used, totally 10 ST is used. On the other hand, the ST of 10 V is used four 

time: two in positive and two in negative. Overall, 16 ST is used for 10 V, which is higher than 0 V. On this 

basis, the number of STs at one period is 84 ST. 

The 300 V ST is used two times in one period, once in positive another in negative. The three-phase 

operation of 7L HMIMC using NLC and VSA is shown in Table 4, where each phase is shifted by 28 ST. The 

state matrix of VSA using NLC is different from VSA using EP; here in some steps, two output phases are 

powered by a single voltage source. This case is accepted where no short circuit has happened, the new six 

state-matrix are used as (10)-(15). 
 

𝑀7 = [
1 1 0
0 0 0
0 0 1

] (10) 

 

𝑀8 =  [
1 0 1
0 0 0
0 1 0

] (11) 

 

𝑀9 =  [
0 1 1
0 0 0
1 0 0

] (12) 

 

𝑀10 =  [
0 0 1
1 1 0
0 0 0

] (13) 

 

𝑀11 =  [
0 1 0
1 0 1
0 0 0

] (14) 
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𝑀12 =  [
1 0 0
0 1 1
0 0 0

] (15) 

 

The 84 ST of VSA using NLC is shown in Table 4, and each step the number of step and the value of 

the output voltage of three-phase is presented. The state-matrix (M) is also included. The same color of 

operation in Figure 9 is used in Table 4. The output voltage of VSA using NLC is presented in Figure 11. An 

output voltage that is more sinusoidal will that decrease the THD. The output current of 7L HMIMC using 

VSA and NLC is presented in Figure 12, where the load is R equal to 100 ohms. 
 

 

 
 

Figure 10. Sample time of 7L HMIMC using the VSA and NLC 

 

 

  
 

Figure 11. Output voltage of 7L HMIMC NLC 

 

Figure 21 . Output current of 7L HMIMC using NLC 

 

 

Table 4. Generating the values of NLC and VSA of one period 
Step 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Phase A 0 0 0 0 0 100 100 100 100 200 200 200 200 200 200 200 300 300 300 300 300 

Phase B -200 -200 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -200 -200 -200 -200 

Phase C 300 300 300 200 200 200 200 200 200 200 100 100 100 100 0 0 0 0 0 -100 -100 

M 5 5 9 6 6 6 6 6 6 11 1 1 1 1 1 1 7 2 2 2 2 
                      

Step 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 
Phase A 300 300 300 300 300 300 300 300 300 300 200 200 200 200 200 200 200 100 100 100 100 

Phase B -200 -200 -200 -100 -100 -100 -100 0 0 0 0 0 100 100 100 100 200 200 200 200 200 

Phase C -100 -100 -200 -200 -200 -200 -200 -200 -200 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 
M 2 2 12 3 3 3 3 3 3 8 4 4 4 4 4 4 10 5 5 5 5 
                      

Step 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 
Phase A 0 0 0 0 0 -100 -100 -100 -100 -200 -200 -200 -200 -200 -200 -200 -300 -300 -300 -300 -300 

Phase B 200 200 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 200 200 200 200 

Phase C -300 -300 -300 -200 -200 -200 -200 -200 -200 -200 -100 -100 -100 -100 0 0 0 0 0 100 100 
M 5 5 9 6 6 6 6 6 6 11 1 1 1 1 1 1 7 2 2 2 2 
                      

Step 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 
Phase A -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -200 -200 -200 -200 -200 -200 -200 -100 -100 -100 -100 

Phase B 200 200 200 100 100 100 100 0 0 0 0 0 -100 -100 -100 -100 -200 -200 -200 -200 -200 
Phase C 100 100 200 200 200 200 200 200 200 300 300 300 300 300 300 300 300 300 300 300 300 

M 2 2 12 3 3 3 3 3 3 8 4 4 4 4 4 4 10 5 5 5 5 
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7. CASE STUDY 

Further study is conducted on the proposed circuit HMIMC. This paper introduces three additional 

experiments; upgrade the HMIMC to thirteen-levels (13L) levels, use VSA, and NLC on 13L HMIMC, 

changing load parameter, and THD results. 
 

7.1.  Upgrade the number of levels 

As other multilevel inverter topology, the proposed HMIMC levels can be increased. A 13L HMIMC is 

prepared where only the positive MI should be increased. In positive MI seven IGBT switches were used, switch 

1 (S1) is for grounding the loads as shown in Figure 13. All the positive MI signals are grouped and linked to MC 

then to H-bridge circuit. The output voltage signal of 13L HMIMC is presented on Figure 14, and the output 

current signal of 13L HMIMC at R load of 100 ohm is presented on Figure 15. The symmetrical between the 

voltage and current signal is demonstrated with different value of signal depending on the resistive values. 
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Figure 13. Proposed circuit of 13L HMIMC 

 

 

  
 

Figure 41 . Output voltage of 13L HMIMC VSA 
 

Figure 51 . Output current of 13L HMIMC VSA 
 

 

7.2.  Use VSA and NLC on 13L HMIMC case study 

In this section, the results of operation the 13L HMIMC using VSA and NLC are presented. The 

output signal of voltage and current is presented in Figures 16 and 17 respectively. The sequences of one period 

of 13L HMIMC using NLC and VSA are presented in Table 5. The sample time and voltage value are found. 

The ST of 300 V is 21 ST; at 250 V, it is 9 ST; at 200 V, it is 6 ST; at 150 V, it is 5 ST; at 100 V, it is 5 ST; at 

50 V it is 4 ST; and at 0 V it is 5 ST. Still the 0V has the lowest number of sample time, where the 5 ST of 

0 V is used in positive and negative side as presented before. 

As illustrated in Table 5, the three phases: phase A, phase B, and phase C are presented. After one 

period of phase A, starting from 0V to 300, then from 300 to -300 V, finishing from -300 to 0 V. Phases B and 

C are synchronized with phase A and shifted by 56 ST. It is noteworthy that the 150 V ST of any two phases 
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are situated within the same ST region and are positioned midway of ±300 V ST region. In one period, two of 

5 STs of 0 V and 21 STs of 300 V are used, totally 52 ST are used in 0V and 300 V. On the other hand, the ST 

of 50 V, 100 V, 150 V, 200 V, and 250 V are used four times: two in positive and two in negative. Based to 

each ST as mentioned before, the number of STs at one period is 168 ST. 

 

 

Table 5. The values of NLC and the VSA of one period at 13L HMIMC 
Step 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Phase A 0 0 0 0 0 50 50 50 50 100 100 100 100 100 150 150 150 150 150 200 200 
Phase B -250 -250 -250 -250 -250 -250 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 

Phase C 250 250 250 250 250 250 250 250 200 200 200 200 200 200 150 150 150 150 150 100 100 
                      

Step 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 
Phase A 200 200 200 200 250 250 250 250 250 250 250 250 250 300 300 300 300 300 300 300 300 

Phase B -300 -300 -300 -300 -300 -300 -250 -250 -250 -250 -250 -250 -250 -250 -250 -200 -200 -200 -200 -200 -200 

Phase C 100 100 100 50 50 50 50 0 0 0 0 0 -50 -50 -50 -50 -100 -100 -100 -100 -100 
                      

Step 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

Phase A 300 300 300 300 300 300 300 300 300 300 300 300 300 250 250 250 250 250 250 250 250 

Phase B -150 -150 -150 -150 -150 -100 -100 -100 -100 -100 -50 -50 -50 -50 0 0 0 0 0 50 50 
Phase C -150 -150 -150 -150 -150 -200 -200 -200 -200 -200 -200 -250 -250 -250 -250 -250 -250 -250 -250 -250 -300 

                      

Step 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 

Phase A 250 200 200 200 200 200 200 150 150 150 150 150 100 100 100 100 100 50 50 50 50 
Phase B 50 50 100 100 100 100 100 150 150 150 150 150 200 200 200 200 200 200 250 250 250 

Phase C -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -250 
                      

Step 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 

Phase A 0 0 0 0 0 -50 -50 -50 -50 -100 -100 -100 -100 -100 -150 -150 -150 -150 -150 -200 -200 

Phase B 250 250 250 250 250 250 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 
Phase C -250 -250 -250 -250 -250 -250 -250 -250 -200 -200 -200 -200 -200 -200 -150 -150 -150 -150 -150 -100 -100 

                      

Step 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 

Phase A -200 -200 -200 -200 -250 -250 -250 -250 -250 -250 -250 -250 -250 -300 -300 -300 -300 -300 -300 -300 -300 
Phase B 300 300 300 300 300 300 250 250 250 250 250 250 250 250 250 200 200 200 200 200 200 

Phase C -100 -100 -100 -50 -50 -50 -50 0 0 0 0 0 50 50 50 50 100 100 100 100 100 
                      

Step 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 
Phase A -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -300 -250 -250 -250 -250 -250 -250 -250 -250 

Phase B 150 150 150 150 150 100 100 100 100 100 50 50 50 50 0 0 0 0 0 -50 -50 

Phase C 150 150 150 150 150 200 200 200 200 200 200 250 250 250 250 250 250 250 250 250 300 
                      

Step 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 

Phase A -250 -200 -200 -200 -200 -200 -200 -150 -150 -150 -150 -150 -100 -100 -100 -100 -100 -50 -50 -50 -50 

Phase B -50 -50 -100 -100 -100 -100 -100 -150 -150 -150 -150 -150 -200 -200 -200 -200 -200 -200 -250 -250 -250 
Phase C 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 250 

 

 

 

  
 

Figure 61 . Output voltage of R load 13L HMIMC 

 

Figure 71 . Output current of R load 13L HMIMC 
 
 

7.3.  Changing load 

In this section, the load of 13L HMIMC is changed from resistive load (R) to resistive and capacitive 

load (RC). At RC case study the values of loads R= 100 ohm and C = 1000 uF. The current and the voltage 

results of RC load are presented in Figures 18 and 19.  

The current and voltage signal of 13L HMIMC using VSA and NLC after load changed to RC are shown 

in Figures 20 and 21 respectively. In addition, the results RC load after the resistive value is changed to half is 

presented in Figures 22 and 23. The voltage is not affected by changing the resistive load, while the current is 

doubled. The maximum current at 100 ohms is 3 A, where at 50 ohms is 6 A for each phase of three phases. 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 4, December 2025: 2476-2490 

2486 

7.4.  THD results 

In this section, the results of THD of the proposed circuit HMIMC is presented. The THD of 7L and 

13L HMIMC using VSA are presented in Table 6 by 21.77% and 15.25%. The NLC operation decrease the 

THD in 7L to reach 12.23% and in 13L to 6.5%. The harmonics of 13L HMIMC are presented in Figure 24, 

the magnitude of fifth and seventh harmonic order are 0.53% and 0.51% of fundamental value respectively. 
 

 

  
 

Figure 18. Output voltage of RC load 13L HMIMC 
 

Figure 19. Output current of RC load 13L HMIMC  
 

 

  
 

Figure 20. Output voltage of RC 13L HMIMC NLC 
 

Figure 21. Output current of RC 13L HMIMC NLC 
 

 

  
 

Figure 22. Output voltage of varies R load 13L 
 

Figure 23. Output current of varies R load 13L HMIMC 

 

 

 
 

Figure 24. THD of the 13L HMIMC using VSA and NLC 
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Table 6. THD of the HMIMC 
Circuit Level Operation Frequency THD 

HMIMC 7L VSA Low 21.77% 
HMIMC 7L VSA and NLC Low 12.23% 

HMIMC 13L VSA Low 15.25% 

HMIMC 13L VSA and NLC Low 6.5% 

 

 

8. DISCUSSION AND COMPARISON 

The relation between the number of CC with respect to the number of levels can be presented by the 

equation shown in Table 7. The traditional MIs such as DCMI, FCMI, and CMI have the same CC equations; 

6(n_levels-1), and only use UDS. The number of switches of UDS and BDS can be equal if diode bridge BDS 

is used. Otherwise, each BDS equal two UDS. In this study, the comparison has two scenarios: i) when the 

UDS equals one BDS and ii) when the UDS equals two BDS. The equations of recent designs that reduce MI 

CC (e.g., TTI, CBSC, MLDCL, SSPS, SCSS, MLM, RV, and 2SELG) are also given in Table 7. 
 

8.1.  When BDS equal one UDS 

A brief comparison between the proposed circuit HMIMC and a previous study of MI is presented in 

Table 8. The number of levels selected is 7, 13, 19, and 25. The traditional MI (TrMI) has the maximum number 

of CC in all levels. CBSC, MLM and 2SELG have the lowest CC at 7L by 24 switches, where the proposed 

circuit has only 21 switches. At thirteen levels (13L), the proposed HMIMC has the lowest MI CC with 30 

switches, whereas the MLM and 2SELG have three more switches, that is, 33. 

The repetition of single-phase three times increases the CC, especially if a high number of levels is 

generated. Solving the three-time-repetition (TTR) could be the best method to reduce the CC. The percentage 

reduce of CC at 7L is 12.5%; at 13L, it is 9.1%; at 19L, it is 21.4%; and at 25L, it is 29.4%. The percentage of 

reduction in the proposed circuit increases when the number of voltage level is increased. 
 

 

Table 7. Previous MI equation that counts the component [23] 
No Topology Ref. Unidirectional switch Bidirectional switch 

1 TrMI [1]-[3] 2 ∗ 3(𝑛𝑙𝑒𝑣𝑒𝑙𝑠 − 1) 0 

5 TTI [11]-[13] 12 3(𝑛𝑙𝑒𝑣𝑒𝑙𝑠 − 1) 

6 CBSC [14] 0 3(𝑛𝑙𝑒𝑣𝑒𝑙𝑠 + 1) 

7 MLDCL [20], [21] 3(𝑛𝑙𝑒𝑣𝑒𝑙𝑠 + 3) 0 

8 SSPS [22] (3(3𝑛𝑙𝑒𝑣𝑒𝑙𝑠 − 1))/2 0 

9 SCSS [23], [24] 3(𝑛𝑙𝑒𝑣𝑒𝑙𝑠 + 3) 0 

10 MLM [25] 12 (3(𝑛𝑙𝑒𝑣𝑒𝑙𝑠 + 1))/2 

11 RV [26] 3(𝑛𝑙𝑒𝑣𝑒𝑙𝑠 + 3) 0 

12 2SELG [27] 24 (3(𝑛𝑙𝑒𝑣𝑒𝑙𝑠 − 7))/2 

 

 

8.1.  When BDS equal two UDS 

The HMIMC uses only a UDS, where the proposed circuit could increase the gap of the CC results. The 

results are presented in Table 9, where the percentage reduction at 7L is 12.5%; at 13L, it is 28.5%; at 19L, it is 

45%; and at 25L, it is 53.8%. Moreover, at a high number of voltage levels, the reduction percentage increases. 

In this scenario, the traditional MI does not have the maximum number of CC compared with recent MI designs. 

 

 

Table 8. Comparison results of CC when BDS equals one UDS 
MI types TrMI TTI CBSC MLDCL, SCSS, RV SSPS MLM 2SELG HMIMC Reduce % 

No. levels 

7 36 30 24 30 30 24 24 21 12.5% 
13 72 48 42 48 57 33 33 30 9.1% 

19 108 66 60 66 84 42 42 33 21.4% 

25 144 84 78 84 111 51 51 36 29.4% 

*Only at 7L the CC of HMIMC is calculated without using the equation, because the voltage source is 
linked directly to the MC step, where no need to count the MI step switches. 

 

 

Table 9. Comparison results of CC when BDS equals two UDS 
MI types TrMI TTI CBSC MLDCL, SCSS, RV SSPS MLM 2SELG HMIMC Reduce % 

No. levels 

7 36 48 48 30 30 36 24 21 12.5% 

13 72 84 84 48 57 54 42 30 28.5% 

19 108 120 120 66 84 72 60 33 45% 

25 144 156 156 84 111 90 78 36 53.8% 
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9. CONCLUSION 

The proposed circuit HMIMC is designed and controlled to reduce the CC. The HMIMC needs three 

steps: MI, MC, and H-bridge. In HMIMC control, the operation of MI and H-bridge is performed by using the 

VSA to generate different groups that have a selected voltage. Then, the MC should synchronize its operation 

with the VS operation to operate the three-phase output voltage. 7L and 13L of HMIMC are used and operated 

by VSA and NLC. To simplify the operation and synchronize MI, MC, and H-bridge, the VSA is demonstrate. 

Case study of 7L and 13L with changing load parameter and value is presented. THD of 7L and 13L 

using VSA and NLC is obtained, where the lowest value of THD at low frequency operation has 6.5%. Lastly, 

the proposed circuit is compared with traditional and recent MIs that focus on CC reduction. Excellent results 

are found at a high number of levels and satisfactory results is found at a low number of levels. Future studies 

on the proposed circuit should consider the reduction of THD to be less than 5%, whether by using high 

switching frequency or increasing the output voltage levels. 
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