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 This paper analyses performance of the three phases seven level hybrid asymmetric 
cascaded inverter fed non- linear load in terms of total harmonic distortions at different 
modulation indices, with proposed multicarrier modulation schemes. This asymmetric 
inverter employed with unequal dc sources and minimum number of switches and 
attained maximum levels. The proposed modulation scheme has modified multi carrier 
with modified reference signals. The proposed scheme has been analyzed by using 
MATLAB/SIMULINK simulation.  
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INTRODUCTION 

 
 Multilevel inverter output quality can be 
improved by increasing number of voltage levels. It 
reduces the risk to a design an output filter. If an 
inverter has less number of output levels; it produces 
high harmonics and requires a large LC output filter. 
So design will be complicated and will become more 
expensive. In order to reduce the harmonics and 
filter, multilevel inverter has proposed. Multilevel 
inverter generates the output voltage with very low 
distortion, but it can reduce the dv/dt stresses 
therefore problems associated with electromagnetic 
interference reduced. Many literatures discussed 
about various topologies to design the multilevel 
inverter. Among them most common topologies of 
MLI are Diode-Clamped or Neutral Point Clamped 
MLI, Flying capacitor MLI and Cascaded H-bridge 
MLI. Diode clamped MLI can be shared common dc 
bus in all the phases. So reduces the capacitance of 
capacitor. Diode used to block the reverse voltage. 
At the fundamental frequency, this topology operates 
at higher efficiency. But output voltage has limited 
and main problem if we increase the number of 
levels, it requires more number of clamping diodes 
and difficult to calculate the relation between number 
of levels and number of diode. For Flying-Capacitors 
Multilevel Inverter, the selection of a switch 
combination becomes very complicated in order to 
balance the capacitor charge and discharge. Each 

capacitor must be charged with different voltages as 
the voltage level increase. Capacitor used to block 
the reverse voltage. Both topologies require more 
number of components and design of control circuit 
is also complex. The cascaded H-bridge multi-level 
inverter uses less number of devices. It requires only 
less number of components in each level. It can be 
classified into two types; symmetric multilevel 
inverter and Asymmetric multilevel inverter. 

The symmetric multilevel inverter uses with 
equal dc sources and maximum number of switches 
and attained maximum levels so it requires more 
number of power semiconductor switches. This leads 
to increase switching losses of an inverter. To avoid 
the above problem, Asymmetric cascaded multilevel 
inverter has developed. This asymmetric inverter 
employed with unequal dc sources and minimum 
number of switches and attained maximum levels. 
The magnitude and number of levels of the output 
voltage of asymmetrical MLI is higher than that of 
the symmetrical MLI. [Haoran Zhang et.al] 
,[IlhamiColak et.al], [J.Rodriguez et.al], [et.al] [ 
[Rashid] 

Multilevel inverter may be operated in both 
Constant switching frequency and Variable switching 
frequency. The constant switching frequency based 
pulse width modulation technique is well known and 
very simple switching method. It can be classified 
into three types based on shifting the carrier signal. 
Phase Disposition (PD) PWM. Phase Opposition 
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Disposition (POD), Alternate Phase Opposition 
Disposition.   Many papers reported and analyzed the 
multicarrier with sine reference.  
 This paper proposed the modified multi carrier 
modulation with modified reference signals which 
applied to three phase seven level hybrid asymmetric 
cascaded inverter fed Rectifier Bridge. Rectifier acts 
as nonlinear in nature. Three approaches applied to 
modify the constant frequency carrier signals namely 
phase disposition, phase opposition disposition and 
Alternative phase opposition disposition pulse width 
modulation. Again these modified carriers have 
verified with three reference signals namely 
Sinusoidal, Third harmonic injection and space 
vector technique at different modulation index. The 
third harmonic injection and space vector technique 
produced a zero sequence with sinusoidal reference 
signal. [Carrara et.al] [Holmes], [J.K. Steinke et.al] 
[L.M. Tolber et.al], [P. Palanivel et.al]  
 
1. Hybrid Asymmetric Cascaded Multilevel     
      Inverter: 
 Multilevel voltage source Inverters are emerging 
as a new kind of power Inverter in the high-power 
applications. To design a multilevel inverter, uses 
different topologies. Among them most common 
topologies of MLI are Diode-Clamped or Neutral 
Point Clamped MLI, Flying capacitor MLI and 
Cascaded H-bridge MLI. Cascaded topology used 
only less number of components than other 
topologies. Asymmetric mode cascaded inverter 
working with unequal dc sources and minimum 
number of switches and attained maximum levels. 
This topology consists with series of two power 
conversion units. Different voltage applied to 
respective unit in the ratio of 2:1. It has many 
advantages that are enhanced output voltage, 
Reduced total harmonic distortion, Reduced voltage 
stress on semiconductor switches, Decrease in EMI 
problems. 

 
 
Fig. 1:  Hybrid Asymmetric Cascaded MLI fed    

rectifier unit. 
 

 

2. Modulation technique: 
Three major carrier-based techniques used in a 

conventional inverter that can be applied in a 
Multilevel inverter; namely sinusoidal PWM 
(SPWM), third harmonic injection PWM 
(THIPWM), and space vector PWM (SVM). SPWM 
is a very popular method in industrial applications. In 
order to achieve better dc link utilization at high 
modulation indices, the sinusoidal reference signal 
can be injected by a third harmonic with a magnitude 
equal to 25% of the fundamental. The reference 
signals have some margin at unity amplitude 
modulation index. The DC utilization of THPWM 
and SVM are better than SPWM in the linear 
modulation region. The dc utilization means the ratio 
of the output fundamental voltage to the dc link 
voltage. Advanced SPWM applied to MLI. 
Sinusoidal signal act as reference for multi carrier 
modulation is termed as sub harmonic PWM (SH-
PWM). Zero-sequence voltage is added to each of 
the carrier waveforms. Triplen harmonic voltage act 
as reference for multi carrier modulation is termed as 
switching frequency optimal PWM (SFO-PWM). 
[Carrara et.al] [Holmes], [J.K. Steinke et.al] 
 
Modified Carrier signal based on:  
 a) Phase Disposition (PD) PWM: 
 In this technique, all triangular carriers are 
arranged in phase. 
 
b) Phase Opposition Disposition (POD) PWM: 

In this technique, the carriers above the zero 
reference are in phase, but shifted by 180 below the 
zero reference. 
 
c) Alternate Phase Opposition Disposition: 
 (APOD)PWM: 
 In this technique, each triangular carrier is 
shifted by 180 from its adjacent carrier. 
 
d) Modified Reference signal based on Third 
Harmonic Injection technique: 

Carrier-based modulation extended to multilevel 
inverter based applications and it is termed as 
Switching Frequency Optimal PWM, and it is similar 
to Sub Harmonics PWM except that a zero-sequence 
i.e triplen harmonic voltage is added to each of the 
carrier waveforms.  This method takes the 
instantaneous average of the maximum and 
minimum of the three reference voltages Va

*, Vb
*, 

Vc
*  and subtracts this value from each of the 

individual reference voltages.[Holmas et.al][Rashid]  
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For low-amplitude modulation indices, a multilevel 
inverter will not make use of all of its levels, and at 
very low modulation indices, it operates as a two-
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level inverter. [Carrara et.al] [Holmes], [J.K. Steinke 
et.al] 

 
 
Fig. 2: PD multi carrier with THI reference signal   

 
e) Modified Reference signal based on SVM 
technique: 

Space Vector Modulation (SVM) method  used 
to generate the reference signals. SVM produces the 
proper a zero sequence signal with sinusoidal 
reference signal. SVPWM has eight distinct 
switching states, where state 1 to 6 are active states, 
0 and 7 are inactive switching states. Normally the 
switching states depend upon the voltage vectors.  
The SVM is incapable of generating pure sinusoidal 
reference signal because of the switching states. 
[Mariusz et.al],[Holmas et.al] [Rashid]. 

Space vector PWM can be implemented by the 
following steps: 

1. Determine d-q axis voltages (Vd ,Vq) and     
reference Voltage (Vref) and angle (α).   

2. Analyze the asymmetric voltage vectors 
3. Determine the Time duration T1,T2 and T0. 
4. Determine the switching time of each switch of     

  inverter (S1 to S6)  

 
 

Fig. 3: Structure of Space Vector Hexagon. 
 
The mathematical representation of the space 

vector is given below 
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where,   nV  is the sector voltages,  

t  is the switching time, 

 sT  is the sampling time i.e. ss fT 2=               sf  is the 

switching frequency. 

 

 
 
Fig. 4: PD multicarrier with SVM reference signal   

 
RESULTS AND DISCUSSION 

      
To test and analysis the proposed technique, by 

using MATLAB/SIMULINK software. The 
multicarrier PWM technique has been implemented 
for three phase seven level asymmetrical multilevel 
inverter fed non-linear load. 
 
Table 1: Rectifier parameters 
Induction motor parameters Values 

No. of  diodes 3 

Forward Voltage 0.8 

Snubber resistance (Ω) 500 

Snubber Capacitance (F) 250 µF 

Load power (W) 100 

 
Sinusoidal reference:  
 

 
 
Fig. 5: Output voltage  
 

 
 
Fig. 6: THD analysis for sine reference at MI=1 
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Fig. 7: THD analysis for sine reference at MI=0.8 

 
THI Reference 
 

 
 
Fig. 8: Output voltage  

 

 
 
Fig. 9: THD analysis for THI reference at MI=1 

 

 
 
Fig. 10: THD analysis for THI reference at MI=0.8 
 
Space vector reference:  

 
 
Fig. 11: Output voltage  
 

 
 
Fig. 12: THD analysis for SVM reference at MI=1 

 

 
 
Fig. 13: THD analysis for SVM reference at MI=0.8 

 

 
Fig. 14: PD- Sine Reference (%THD vs MI)  
 

 
 
Fig. 15: POD- Sine Reference (%THD vs MI) 
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Fig. 16: APOD- Sine Reference (%THD vs MI) 
 
 From Fig.14 to Fig.16 Total Harmonics 
Distortion compared with different modulation 
indices in PD, POD and APOD techniques with 
sinusoidal reference. From the results, POD 
technique is better than other multicarrier techniques. 
 

 
 
Fig. 17: PD- THI Reference (%THD vs MI) 
 

 
 
Fig. 18: POD- THI Reference (%THD vs MI) 
 

 
 
Fig. 19: APOD- THI Reference (%THD vs MI) 
 
 From Fig.17 to Fig.19 Total Harmonics 
Distortion compared with different modulation 
indices in PD, POD and APOD techniques with THI 
reference. From the results, POD technique is better 
than other multicarrier techniques. 

 

 
 
Fig. 20: PD- SVM Reference (%THD vs MI) 
 

 
 
Fig. 21: POD- SVM Reference (%THD vs MI) 
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Fig. 22: APOD- SVM Reference (%THD vs MI) 
 
 From Fig.20 to Fig.22 Total Harmonics 
Distortion compared with different modulation 
indices in PD, POD and APOD techniques with 
SVM reference. From the results, POD technique is 
better than other multicarrier techniques. For 
medium-amplitude modulation indices i.e MI=0.6 
and MI=0.4, a multilevel inverter will not make use 
of all of its levels. It operates as a five level inverter. 
For low-amplitude modulation indices i.e MI=0.4 
and MI=0.2, a multilevel inverter operates as a two 
level inverter. 
 
Conclusion: 
 The Proposed modulation scheme completely 
analyzed with asymmetric multilevel inverter fed 
non-linear load. From the analysis, Total harmonic 
distortion greatly reduced when we use sinusoidal 
reference signal but DC utilization is poor compared 
to other two reference technique. Use of multicarrier 
in seven level inverter, phase opposition disposition 
better than two techniques, approximately it reduces 
2% of harmonics distortion than other techniques.    
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