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ABSTRACT 
 This work proposes a multidimensional modulation (MDM) strategy based cascaded H-
bridge multilevel inverter (CHBMLI). Various control techniques are employed in manipulating high 
energy output voltage from CHBMLI. Which is highly suitable for the variable speed drives that are 
naturally nonlinear in character. The proposed CHBMLI uses reduced number of switching devices 
that on the whole of the circuit operation minimizes the losses and hence improves the efficiency and 
performance. Multidimensional modulation control method accomplishes the output voltage in a 
controlled manner of improved THD. The performance of the MDM-CHBMLI is simulated in 
MATLAB/Simulink environment and the results are verified with the experimental implementation. 
The output of the MDM-CHBMLI assures its suitability on the PMSM drive operation. 
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I. INTRODUCTION 
In a Multilevel inverter and its other cascaded topologies control strategy is very important on 

producing output voltage close to sinusoidal wave 1. Multilevel direct power control (ML-DPC) is a 

method which can be considered as a generalized method on any level of MLI to produce gating 

pulses. MLIs are prominent on producing high energy output voltage to drive the ASD drives, grid 

connected power converters etc.2, 3,4,13. Asymmetric cascaded H- Bridge MLI has been selected to 

drive the PMSM ASD drive which has given improved performance comparatively over other 

converts implementation in operation 5. Improving the efficiency of MLI is very essential while 

adopting them on driving the high power requiring industrial loads;byeliminatingselective low level 

harmonics the efficiency can be increased. The switching losses in a MLI is limited 7 by reducing the 

number of switches and using the voltage limited capacitors. Cascading two and more number of H-

bridge inverters to increase the output voltage and reducing the harmonics is possible 8. Different 

configuration and topologies are developed to fulfil the load requirement, 9 diode assisted boost NW 

based CHB-MLI uses low power rated switchesand be used for reactive power compensation. It also 

uses less number of switching power devices isolated from DC sources. This topology makes the 

current stresses across all switching devices equal. Induction motors are simple, efficient and low 

budget drive that are normally accommodated in industries and domestic loads 10. The CHBMLI 

adopted induction drives are brought into market based on its improved 

performance.Multidimensionalmodulation technique11 was applied in CHBMLI configuration 

towards increasing the efficiency and improving the output operation 12; 15 level inverter topology 

has been simulated by the author towards raising the efficiency of the MLI. Optimization algorithms 

are adopted in the MLI topologies to reduce the harmonics. Section 1 describes the various work 

carried out by the researches on CHBMLI planning on improving the efficiency and performance, 

section 2  details the CHBMLI and section 3 explains the operations of MLI and section 4 gives the 

conclusion of the work.     

II. CASCADED MULTILEVEL INVERTER 
 In a short period MLI based inverters are finding many application on grid connected 

converter operation, ASD drives and industrial applications [13]. A CHB multilevel inverter motor 

drive has been implemented to drive the PMSM motor. A MLI generally constructed with many cells 

of a capacitor connected with active power switches for conversion. Each cell will be connected with 

a DC source of variable voltage magnitude. The DC sources may be solar PV cell, fuel cell and 

battery. The output from CHBMLI will be the sum of voltage from different cells. This nature of 
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operation reduces the stress on the switches and eliminate the harmonics content. The output voltage 

from a cell CHBMLI will be, 

(ݐ)݋ܸ	 = ଴ܸ(ݐ) + (ݐ)ଶ݋ܸ ଶ݋ܸ… + ைܸே(ݐ)(1) 

(ݐ)݋ܸ = ݆ߤ)ߑ − 1) ௗܸ௖ ,  j=0, 1, 2…(2)ߤ(݆)

In a symmetric MLI all the Vdc voltage levels are same for a n level MLI and the value of n=1+2N 

and the 

଴ܸ݉ܽ(ݐ)ݔ =NVdc   (3) 

The symmetric MLIs are suitable on providing many output voltages. It is proposed to select input 

sources based on geometric progression with a factor of 2 or 3. For an ‘n’ level inverter the following 

output voltages can be achieved. 

                                                 n= 2N+1-1      if vdc j = 2j-1Vdc   j=1, 2, 3….N    (4) 

                                                      n=3n(5) 

The maximum output voltage of n cascaded multilevel inverter is, 

Vomax = = ∑ ܸ݀ܿஶ
௡ୀଵ (6) 

Vomax= (2n-1) Vdc   if Vdc, j=2iVdc(7) 

j= 1, 2, 3………..n 

Vomax= ଷ೙ିଵ
ଶ

+ Vdcif Vdc, j= 3i-Vdc (8) 

        j= 1, 2, 3……..n       

In general the number of DC source and switches involving is a symmetrical and asymmetrical 

structure of MLI in shown in table 1. 

Table 1: “Gate driver signals depending on H-bridge i state” 

H-bridge i voltage Vi H-bridge i state Hi Gate driver signals 

-VCi 0 Si1=1 and Si2=0 

0 1 Si1=0 and Si2=0 

0 1 Si1=1 and Si2=1 

VCi 2 Si1=0 and Si2=1 
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III. MULTIDIMENSIONAL MODULATION TECHNIQUE 
Modulation techniques are adopted in all types of single and multilevel inverters to produce 

phase voltages. Complication in the generation of pulse signal is increasing as the number of phases 

increases and number output voltage level increases in the inverter. Many pulse generation 

techniques are introduced by the researchers and implemented in many real time application. 

Modulation based PWM generators were introduced in many MLIs. Phase shift, level shift and 

carrier modulated PWM techniques were applied in real time. Multidimensional modulation is a 

recently developed method to face the problems on developing multilevel output voltage (or) stepped 

waveform. In a multinational n-level MLI using MDM n-1 carrier waves are placed with a phase 

shift among the adjacent waves, θ=360/ (n-1). These pulse signals are arranged on turning the pulse 

generator ON. The pulse voltage vrefis given by, 

Vxy =δ1+δ2                             (9) 

δi= ∫ ௦௪்ݐ݀	ܸ݅
଴  (10) 

The H-bridge can establish output voltages of –E, zero and +E for the gate pulse applied.In a 

seven level inverter the phase shift between the adjacent carrier wave is θ=360/ (7-1) =60ο 

IV. SIMULATION RESULTS 
The7-level MLI was simulated on matlab Simulink environment and the output voltage, 

current and other signal components are obtained. The seven level voltage waveform are shown in 

fig 4.1 

.  

Fig 4.1: Voltage waveform of 7 level inverter 
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When the PMSM motor is connected, voltage from the MLI gets divided into direct and 

quadrature axis components as Vd and Vq .The value of Vq determines the torque development in the 

motor. The fig 4.2 shows the Vd and Vq voltages of the PMSM motor. 

 

 

Fig 4.2: Waveform of Vd and Vq 

 
Fig 4.3: Waveform of Id and Iq 

 

Fig4.3 gives the Id and Iqit’s of PMSM motor and the torque developed is shown in fig4.4 
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Fig 4.4: Electromagnetic torque 

 From the graph it is clear that the speed of the PMSM motor is reaching its steady state level 

after its settling time that is the current is made smooth and constant with shown in fig 4.5 

 

Fig 4.5: Speed response of PMSM drive 

The fig 4.6 shows the prototype model of the 7-level MLI. The output voltage and current are 

compared with the simulation results. 



A.Subramanian et al., IJSRR 2018, 7(2), 225-233 
 

IJSRR, 7(2) April – June, 2018                                              Page 231 

 

Fig 4.6 Prototype model of the 7-level MLI 

 
Fig 4.7 Id and Iq waveform of Prototype model of 7-level MLI 
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Fig 4.8 Speed response of prototype model 

V. CONCLUSION 
 Multilevel inverter for 7 level has been simulated using multidimensional modulation 

strategy and thesimulated results were compared with the hardware output. MDM control technique 

has developed exact gate pulses and that made the output voltage and current waveform with reduced 

distortion and harmonics. The PMSM motor direct and quadrature axis voltage and current are 

divided properly on determining the torque signal. The performance of the PMSM motor has been 

improvedwith the use of MLI inverter controlled by MDM technique.  
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