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 The paper introduces the cascaded H-Bridge multi-level inverter with single-phase 

arrangement connected series with full-bridge inverter and CHBMLI configuration 

integrated with Double level circuit is proposed to reduce the harmonic distortion to get 

high power quality. In the proposed configuration, a half-bridge inverter has been 

implemented to increase the output voltage waveform nearly twice as compared with the 

conventional Cascaded H-Bridge MLI. For high Power quality, the output voltage 

waveform with the reference of sinusoidal, the phase opposition disposition carrier 

arrangement has been utilized in PWM for producing gate pulse of switches. The high 

waveform of output voltage achieved with the less no of switches, less % THD distortion, 

less conduction and switching losses. The purposed symmetrical model of CHBMLI is 

successfully verified using MATLAB based on simulation with DLC configuration. 
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1. INTRODUCTION 

 

Globally, the production of clean energy is playing an 

important role in the generation based on renewable energy, 

however, the electrical parameter like voltage and frequency 

is not constant due to the nature of generation, which based on 

renewable energy sources. In the field of industrial application 

conventional topology of the inverter has been widely used. 

Conventional inverters are not capable of high power medium 

voltage application to reducing harmonics contents, it has less 

efficiency, more switching losses and in long term, constraints 

have less lifespan. This lead to introduce the growth in 

multilevel inverter has functioning high-frequency application 

under the lower loss of switching with high frequency [1].  

The Multi-level converter has widely used in static Var 

compensator because of less switching losses and low 

harmonic distortion, in power quality, the advantage of 

Multilevel inverter is good with high capability of voltage [2]. 

Normally the Multi-level inverter stabilizes the voltage 

waveform from the sources of DC Voltage via several levels, 

the Multi-level inverter is useful to reduce the problem of 

electromagnetic interference and induced motor failure from 

high frequency switching dv/dt [3]. With the increase in 

voltage level the reduction harmonics distortion occurs 

ultimately, the size of the passive filter decrease [4]. 

Harmonics lead to various problems which affect the 

performance of the converters [5, 6]. In the Multilevel inverter 

reducing the DC sources count, the configuration was 

developed to utilize floating capacitor and bi-directional 

switches which increases the complexity in the circuit and also 

increases the switch count, to balancing the capacitor extra 

circuitry were needed [7]. In Ref. [8], the power cells with 

cascaded connection proposed less number of switches as 

comparable with convention CHB, and still, after all that, it 

requires a more number of switches. A few other topologies 

are introduced which are attentive to decreasing the power 

switches [9-11]. The better option seems a multi-level inverter 

that can synthesize more voltage waveform at the output by 

utilizing less no of rated switches. With the more number of 

levels, the voltage wave at output approaches near to sine wave, 

subsequently improving its THD. Thus, the requirement of 

filters reduces due to the inverter. Additionally, MLI provides 

extra advantages like enhanced efficiency, reduced the stress 

of dv/dt, lesser electromagnetic interference [12-16]. Among 

all the topologies for high power applications, the multilevel 

inverter is preferred [17]. 

In this research paper, a new topology of CHB multi-level 

inverter, which introduces a combination for reducing 

switches of Cascaded H-Bridge Multi-Level Inverter with 

Double level Circuit, is proposed. 

 

 

2. CHB MULTI LEVEL INVERTER 

 

The arrangement of Cascaded H-Bridge Multilevel inverter 

connected with separate DC sources and series with single-

phase full-bridge inverter [18]. The displayed topology of 

CHBMLI in Figure 1(a). that consists of numbers of bridges 

or kth full-bridge inverters via a separate DC source. The 

generated output voltage waveform is obtaining by the 

summation of every H-bridge output voltage. 

 

𝑉𝑂= ∑ 𝑉𝐻𝐵𝐾 =  𝑉𝐻𝐵1 + 𝑉𝐻𝐵2 + ⋯ +  𝑉𝐻𝐵𝑛 

𝑛

𝐾=1

 (1) 

 

Here the output voltage of CHBMLI is denoted by Vo and 

kth H-Bridge output voltage represented by VHBK. The Major 

Classification of CHBMLI is symmetrical conditions based on 

DC. In this paper, the configuration of Conventional 
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symmetrical MLI will be discussed. Besides. the proposed 

CHBMLI with DLC is investigating to increase the quality of 

power in the form of the voltage waveform and reduce the total 

harmonics distortion. 

 

  
(a) (b) 

 

Figure 1. (a). Generalize conventional CHBMLI; (b). Generalize purposed CHBMLI 

 

 

3. CHB MULTI-LEVEL INVERTER WITH DLC 

CONFIGURATION 

 

This Cascaded H-Bridge multilevel inverter plays an 

important role in reducing the harmonics up to twice as 

compared with conventional CHBMLI. The configuration of 

CHBMLI is the combination of the half-bridge inverter with 

kth bridge inverter in series, which is shown in Figure 1(b). The 

single half-bridge is integrated with the circuit, which acts as 

a performance of the double-level circuit. To balance a 

particular distance from a short circuit, the DLC not only 

increases the levels of output voltage near to double but also 

decreases the number of switches and its voltage rating as 

compared with conventional CHBMLI. In Table 1, by 

mathematically the generating output voltage level as: 

 

𝑉𝑜 = 𝑉𝑑𝑐1 + 𝑉𝑑𝑐2 + 𝑉𝑑𝑐3 + ⋯ + 𝑉𝑑𝑐𝑘 (2) 

 

𝐿 = 2 𝑥 [(2 𝑥 𝑘) + 1] − 1 (3) 

 

To avoid the short circuit, the switches of half-bridges are 

not switching on consecutively [19]. However, a control 

scheme has been built for purposed CHBMLI to avoid short 

ckt with turn-on switches of DLC circuit. Table 3 shows the 

comparison of numbers of different components in 

conventional and proposed CHBMLI for generating 13-level 

output voltages. 

 

Table 1. Equation for conventional MLI with propose 

CHBMLI arrangement 

 

Related with 
Conventional 

MLI 

CHBMLI with 

DLC 

No. of level 2K + 1 2 x (2K+1) – 1 

Switches 4 K 4K + 2 

DC Source K K + 1 

Max. Voltage 

output 
KVdc KVdc 

PIV 4K Vdc (4K+1) V dc 

 

Generally, the configuration of the Symmetrical multilevel 

inverter is shown in Figure 1(a), there is kth bridge were 

separated by DC voltage source, the AC voltage waveform 

produced will the level of (2k + 1). The value of DC source is 

Equal to 1:1:1:1 so on… or,  

 

𝑉𝑑𝑐𝑧 =  𝑉𝑑𝑐  z = 1, 2, 3,…so on. (4) 
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Table 2. Switching table for premeditated CHBMLI configuration 

 
 

Mode 

Switch States (ON = 1: OFF = 0) 
Combination 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 

1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 Vdcx 

2 1 0 0 1 0 1 0 1 0 1 0 1 0 1 Vdc1 

3 1 0 0 1 0 1 0 1 0 1 0 1 1 0 Vdc1 + Vdcx 

4 1 0 0 1 1 0 0 1 0 1 0 1 0 1 Vdc1 + Vdc2 

5 1 0 0 1 0 1 0 1 0 1 0 1 0 1 Vdc1 + Vdc2 + Vdcx 

6 1 0 0 1 1 0 0 1 1 0 0 1 0 1 Vdc1 + Vdc2 + Vdc3 

7 0 1 0 1 0 1 1 0 0 1 0 1 1 0 -Vdc1 + Vdcx 

8 0 1 0 1 0 1 1 0 0 1 0 1 0 1 -Vdc1 

9 0 1 1 0 0 1 1 0 0 1 0 1 1 0 -Vdc1 - Vdc2 

10 0 1 1 0 0 1 1 0 0 1 0 1 0 1 -Vdc1 - Vdc2 + Vdcx 

11 0 1 0 1 0 1 1 0 1 0 1 0 1 0 -Vdc1 - Vdc2 - Vdc3+ Vdcx 

12 0 1 0 1 0 1 1 0 1 0 1 0 0 1 -Vdc1 - Vdc2 - Vdc3 

 

Table 3. Comparison between conventional topology with 

CHBMLI consist on DLC 

 

Parameters 
Conventional 

MLI 

CHBMLI with 

DLC 

No. of Levels 13 13 

No. of Switches 24 14 

No. of DC Sources 06 04 

No of Driver CKT 24 14 

Conduction of switches 

per 

voltage level 

12 07 

Total Peak Inverse 

Voltage 
24 Vdc 13 Vdc 

Total Components 54 32 

 

That is called a symmetrical configuration. In Figure 1(b). 

the cascaded H-Bridge MLI connected with DLC, the DC 

source value of DLC circuit is,  

 

𝑉𝑑𝑐𝑥 =  
𝑉𝑑𝑐1

2⁄ =  𝑉𝑑𝑙𝑐  (5) 

 

At symmetrical condition operates in CHBMLI, the DC 

sources value are signified by, 

 

𝑉𝑑𝑐1 = 𝑉𝑑𝑐2 = 𝑉𝑑𝑐3 = ⋯ = 𝑉𝑑𝑐𝑘 = 𝑉𝑑𝑐 (6) 

 

Substituting (3) in (2), we obtain, 

 

𝑉0 = 𝑘 𝑉𝑑𝑐 (7) 

 

In output voltage waveform, the formula for calculating the 

levels in respect of DC sources are signified by: 

 

𝐿𝑣 = (2𝑥𝑘) + 1 (8) 

 

 

4.  PWM STRATEGY 

 

Different modulation techniques are used to generate carrier 

pulse for switches in inverter concerning switching frequency 

in CHBMLI, furthermore, the frequency is divided into two 

categories such as higher switching frequency and 

fundamental switching frequency [20]. In this paper for 

achieving high power quality of output voltage waveform, the 

multicarrier pulse width modulation technique is embraced. 

The POD strategy is functioning for the arrangement of 

carrier pulse, which has sine waveform above the zero lines 

the carrier signals are out of phase by 180° compare with 

below the zero line carrier signal, that strategy is more suitable 

from others to reduce the total % of THD. 

Figure 2 shows the POD-PWM technique with carrier 

arrangement of POD to generate pulses of 13 level output 

voltage in the symmetrical configuration of purposed 

CHBMLI with DLC, with the reference of sine wave zero 

crossing and the triangular carrier has arranged equally for 

above and below that generates the Boolean output C1-C12. By 

using the Boolean output of signal operation based on 

switching table represent in Table 2, the control scheme has 

proposed for CHBMLI with DLC would generate output 

voltage waveform which is given in Figure 3. 

 

 
 

Figure 2. POD strategy for CHBMLI with DLC 
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Figure 3. Control scheme for 13-level inverter 

 

 

5. SIMULATION AND RESULT 

 

The Simulation modal of symmetrical CHBMLI has been 

tested with experimental under the condition of CHBMLI with 

DLC. The configuration of MLI under experimental setup 

incorporates with 4 DC sources, 14 Switching Devices, Probes 

of Voltage and current, oscilloscope, PWM technique is POD, 

Resistive Load is 100 Ω & fundamental switching frequency 

is 5000 Hz and main frequency is 50 Hz. In cascaded H-Bridge 

MLI with integrated DLC is valid. The value of the DC voltage 

source of each bridge is Vdck =30 V and Vdcl = 15V in 

symmetrical cascaded H-bridge MLI. 

 

5.1 Evolution of power losses 

 

There are two main losses that occur in power electronics 

switches which are conduction & switching losses. For the 

system of cooling and estimation of cost scheming in the 

Multilevel inverter, the power loss calculation is crucial. In the 

high switching frequency, the losses in switching are 

considerable & in the low switching frequency, the losses in 

conduction are more. With the number of levels, the concept 

of MLI is extended, therefore the relation between no. of 

switches and no. of level is direct. The power loss will be 

increased with the increase in the switching count. It is proved 

that the convention CHB Multilevel inverter has more losses 

of power compared with the proposed CHMMLI 

configuration. 

The total power loss PL is calculated by the summation of 

switching losses PSL & Conduction loss PCL. 

 

𝑃𝐿 = 𝑃𝑆𝐿 + 𝑃𝐶𝐿  (9) 

 

The switching losses can be done by below Eq. (10), and 

this equation is proved & represented in Refs. [21, 22]. 

 

𝑃𝑆𝐿 =  𝑓 ∗
1

6
∗ 𝑉𝑆𝑊,𝐾 ∗ 𝐼𝐾 ∗ (𝑡𝑂𝑁 + 𝑡𝑂𝐹𝐹) (10) 

Here, power switching loss represents by PSL, ton represents 

the turn-on time and toff represents the turn-off time of the kth 

switch. VSW,K denotes the Kth switch off-state voltage, the 

fundamental switching frequency is denoted by f, IK represents 

the current of the switch. Figure 4 represents the PSL 

(Switching Power loss) for CHBMLI with DLC and without 

DLC. Due to switches and diode which are connected anti-

parallel, the conduction losses occur and the calculation of 

Conduction losses can be done by subsequent equations. 

 

𝑃𝐶𝐿,𝐾 = ∑(𝑃𝐶𝐿.𝑡.𝑘 + 𝑃𝐶𝐿,𝑑,𝑘)

𝑁

𝐾=1

 (11) 

 

𝑃𝐶𝐿,𝑡,𝑘 = [(𝑉𝑡 ∗ 𝐼𝑡,𝑎𝑣𝑔)  + (𝑉𝑡 ∗ 𝐼𝑡𝑟𝑚𝑠
2 )] (12) 

 

𝑃𝐶𝐿,𝑑,𝑘 = [(𝑉𝑑 ∗ 𝐼𝑑,𝑎𝑣𝑔)  + (𝑉𝑑 ∗ 𝐼𝑑𝑟𝑚𝑠
2 )] (13) 

 

Here, Pcl,t,k denotes the conduction loss of switch (kth), Pcl,d,k 

indicates the loss in conduction of kth anti-parallel diode, on-

state voltage of switch is denoted by Vt, the on-state voltage of 

diode represented by Vd, Vt and Vd represents the collector-

emitter on-state resistance of switch and resistance of diode in 

on-state correspondingly, It,avg and It,rms indicates average 

current for switch & Root Means square current of the switch, 

Id,avg, Id,rms indicates the Average diode current & Root Mean 

Square current of diode respectively. Figure 4 and Figure 5 

represent the comparison between Cascaded H-Brige MLI 

without Double Level Circuit and with DLC and it is verified 

that the presented CHBMLI has smaller power losses 

associated with conventional CHBMLI. 

Figure 6 represents the purposed configuration of Cacaded 

H-Bridge MLI with DLC that produces the output voltage 

waveform of 13-Level. Figure 7 shows the FFT Analysis of 

Total Harmonics Distortion upto 9.55%.
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Figure 4. Power loss through swiching loss in watts 

 

Figure 5. Power loss through conduction loss in watts 

 

 
 

Figure 6. Waveform of output voltage for presented CHBMLI with DLC up to 13-level 

 

 
 

Figure 7. The THD of purposed CHBMLI 

 

 

6. CONCULSION 

 

The paper has discussed the POD-Multicarrier pulse width 

modulation technique for Cascaded H-Bridge MLI with 

Double Level Circuit. The POD technique is used for 

generating the carrier pulse and logical operation has 

performed for switching in the purposed CHBMLI through 

symmetrical configuration. The main objective of the research 

is reducing the number of switching counts and the 

performance of introducing CHBMLI with DLC is tested. The 

total harmonics distortion and power losses due to switches is 

lesser than the Conventional CHBMLI. To verify the results, 

the Conventional MLI has experienced in the same condition 

and then compare it. By using Double Level Circuit along with 

Cascaded H-Bridfge MLI, the output voltage level are twice 

as related with the Convention CHB-MLI. The presented work 

is done on MATLAB/Simulink for the consideration of MLI 

with output voltage waveform and the analysis of THD. The 

purposed configuration of Cascaded H-Bridge Multilevel 

inverter with double level circuit gives good power quality and 

it can be used directly in Permanent Magnet Direct Drive 

turbine and utility grid that can operate effectively.  

 

 

7. FUTURE WORK 

 

To eliminate the problems of power quality, the proposed 

MLI topology will be tested with FACTS devices. 

The sources of renewable energy like solar, wind could be 

integrated with the proposed topology. 

For the operation of grid connection, a suitable current 

controller could be designed for the proposed topology. 
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