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Abstract 
 This paper presents investigation and performance analysis of novel down sampling based  

clamping SV PWM technique for diode and cascaded Multi-level Invereter fed to Induction motor drive. A 
novel down sampling based clamping SVPWM has developed by adding triangular off set to sinusoidal 
fundamental waveform is modified by down sampling the reference wave by order of 10 so this technique 
is called clamping space vector pulse width modulation techniques such as PD, POD and APOD. so as to 
shift the lower order harmonics to higher order side. This novel carrier is compared with the offset injected 
space vector reference waveform to generate the required PWM pulses to the inverter. To analyze the 
performance of the proposed PWM technique it is implemented on  seven level diode and cascaded Multi-
level Inverter using Matlab/Simulink software tool for output line, phase voltage, currents, speed, torque 
and Total harmonic distortion analysis. 
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1. Introduction 
Multi-level diode clamped voltage fed inverters are recently becoming very popular for 

multi-megawatt power applications. The main advantage of such an inverter topology is voltage 
division, i.e., the output voltage is produced through small steps of voltage, and therefore the 
individual switches are submitted only to these small voltages steps. The other advantages are 
low harmonic distortion at output, low dv/dt and extended range of under modulation. But it has 
the disadvantages like the increased number of switching devices and the complex control 
algorithm [1, 2].  

At present, multilevel inverters (MLI) have emerged as attractive solution for medium-
voltage and high power applications due to numerous advantages over two level inverters. The 
most poular multilevel topologies are diode-clamped (or) neutral-point-clamped (NPC), 
capacitor-clamped (or) flying capacitor (FC)  and cascaded H-bridge (CHB) multilevel inverter 
[3, 4]. In literature, several modulation schemes have been developed for MLI applications. The 
classical sinusoidal PWM has been extended MLIs by using multiple carriers with either phase-
shift (PS-PWM) or level-shift (LS-PWM) [5]. In addition PWM based hybrid modulation method 
has been suggested for CHB topologies with unequal dc sources in order to reduces the 
switching losses and improve of number of levels [5, 6]. 

New modulation technique such as Clamping Space vector Pulse width modulation 
technique is have been investigated in this paper. Which is generally simple implementation 
compared to other multi carrier based PWM techniques. This technique applied to  seven level 
cascaded H-bridge multilevel inverter. The paper mainly deals with the computation and the 
comparison of the motor harmonic losses of proposed CSV PWM solutions and with the 
selection of the solutions providing the best results. Finally, the drive harmonic losses will be 
compared for each levels. Finally, simulation results verify the each level of the inverter. 

 
 
 



IJEECS  ISSN: 2502-4752  

Modeling, Analysis and Comparative of Down Sampling based… (Ravikumar Bhukya) 

699 

2. Cascaded H-bridge Multilevel Inverter 
The cascaded inverter uses number of single-phase full-bridge inverters connected in 

series to get multilevel in a phase. The resultant phase voltage is produced by the addition of 
the voltages generated by the individual cell. Three voltages at the output: +Vdc, 0, and -Vdc 
are produced by each single-phase full-bridge inverter. The main advantage of this topology is 
that the modulation, control, and protection of each bridge are modular, each inverter acts as a 
module with identical circuit topology, control structure, and modulation. Therefore, in case of 
failure in any one of the modules, replacement is easy. But, individual inverter requires its own 
dc supply. This drawback has generally confined the cascaded inverters to the high-power 
range where more levels of output voltage are required. The cascaded inverter can reach 
medium output voltage levels with the use of standard low-voltage semiconductor devices. Due 
to its modularity, control strategy and low harmonic distortion, these inverters have been used in 
very high power applications (over 4 kV and several MW). These inverters have been mainly 
used in the areas of static VAR compensators (SVCs), power line conditioner, voltage stabilizer 
and so on. The AC outputs of each of the different full-bridge inverter levels are connected in 
series such that the synthesized voltage waveform is the sum of the inverter outputs [7, 8]. The 
levels in phase voltage are 2N+1, here N is 1-ϕ inverter cells present in a phase and the number 
of levels in line voltage are 2M-1, where M is the number of level in phase voltage shown in 
Figure 1. 
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  Figure 1. Seven level cascaded inverter 
 
 

 
Figure 2. Seven level diode clamped inverter 



                     ISSN: 2502-4752           

 IJEECS Vol. 7, No. 3, September 2017 :  698 – 707 

700 

The structure and basic operating principle consists of series connected capacitors that 
divide dc bus voltage into a set of capacitor voltages. A DCMI with „n‟ number of levels typically 
comprises (n-1) capacitors on the dc bus. Voltage across each capacitor is Vdc/ (n -1). The 
three-phase seven-level diode-clamped inverter is shown in Figure 2. Each of the three phases 
of the inverter shares a common dc bus, which has been sub divided by six capacitors into 
seven levels. The voltage across each capacitor is Vdc and the voltage stress across each 
switching device is limited to Vdc

 
through the clamping diodes. The output voltage levels 

possible for one phase of the inverter with the negative dc rail voltage V0 
as a reference. State 

condition 1 means the switch is on, and 0 means the switch is off. Each phase has six 
complementary switch pairs such that turning on one of the switches of the pair require that the 
other complementary switch be turned off. The complementary switch pairs for phase leg „a‟ are 
(Sa1, Sa7

1
), (Sa2, Sa8), (Sa3 Sa9), (Sa4 Sa10), (Sa5 Sa11) and (Sa6, Sa12). Also shows that 

in a diode-clamped inverter, the switches that are ON for particular phase legs are always 
adjacent and in series. For a seven-level inverter, a set of six switches is ON at any given  
time [9, 10]. 
 
 
3. Generalized Down sampling based Space Vector Pulse Width Modulation Techniques 
for Multilevel Inverter 

The control principle of the SPWM is to use several triangular carrier signals keeping 
only one modulating sinusoidal signal. For a m-level inverter, (m-1) triangular carriers are 
needed. The carriers have the same frequency (fc) and the same peak to peak amplitude AC. 
The modulating signal is a sinusoid of frequency (fm) and amplitude (Am). At every instant, 
each carrier is compared with the modulating signal. Each comparison switches the switch “on” 
if the modulating signal is greater than the triangular carrier assigned to that switch [11]. The 
main parameters of the modulation process are: 

 
 

 
Figure 3. PDSPWM 

 

 

3.1 Modulation Index 
The modulation index is the ratio of peak magnitudes of the modulating signal 

Vm and the carrier signal: 

 

Vm
m
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The modulation index in SPWM technique for cascaded multilevel inverter 

configuration  is given by: 
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Where N is number of levels. For under modulation 0<m<1. For over modulation 
m>1. 

Generally,  over modulation is not  desired  because  of the  presence  of the  lower 
frequency harmonics in the output voltage  and  subsequent distortion in the  load current. 

 
3.2 Frequency Modulation  

It is the ratio of frequency of the triangular carrier signal fc to the frequency of 

sinusoidal reference signal fs . It controls harmonics in the output voltage. 

 

fc
mf

fs
                (3) 

 
A novel down sampling based SVPWM has developed by adding triangular off set to 

sinusoidal fundamental waveform so as to shift the lower order harmonics to higher order side. 
This novel carrier is compared with the offset injected space vector reference waveform to 
generate the required PWM pulses to the inverter. 
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Vmax is maximum of VAN, VBN,VCN 

Vmin is minimum of VAN, VBN,VCN 
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                             (7) 

 

An important detail is taken into account to avoid the function operating in negative 
values, which makes use of another offset in the reference voltage [12, 13]. Thus, substituting 
Equation (3), (4), (5) into Equation (1) and adding this offset, the Equation (5), (6), (7) is 
obtained. 

 

[ min]
2

To
Toffest T                   (8) 

 

[ ]To Ts Toffest                           (9) 

 

[ max min]Toffeset T T            (10) 

 
In this paper, a simple technique to determine the offset voltage (To be added to the 

reference phase voltage for PWM generation for the entire modulation range) is presented, 
based onely on the sampled amplitudes of the reference phase voltages. The proposed 
modified reference PWM technique presents a simple way to determine the time instants at 
which the three reference phases cross the triangular carriers. To obtain the maximum possible 
peak amplitude of the fundamental phase voltage in linear modulation, the procedure for this is 
given in [14, 15].Shown in Figure 4.  
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After the modified SVPWM technique output, we can do the Down sampling of the order 
10 each phase. Which is also sometimes called decimation, down sampling used for reduces 
the sampling rate and removes the samples from the signal. Whilst maintaining its length with 
respect to time. Some mathematically analysis to find out the down sampling shown in bellow, 
we can used descriptive time is 2e-6, sampling frequency is one by descriptive time (10

6
/2), 

number of samples per phase is the ratio of sampling frequency by fundamental frequency such 
as 10k samples, in order reduced the down sampling by order of 10 such as 1k samples. By 
using the down sampling based modified space vector PWM technique such as PD, POD and 
APOD. We can observe the reduced the THD in output line voltage. We can observe the  
Figure 2, Figure 3 and Figure 4 is shown in the waveform results generated by adding the offset 
voltage described in with the reference sinusoidal waveform.  

 
 

 
Figure 4. Carrier based SVPWM 

 
 

 
Figure 5. Linearization of the multilevel SVPWM in over modulation region 

 
 

 
Figure 6. Linear and non linear characteristics of the multilevel SVPWM in modulation 

region 



IJEECS  ISSN: 2502-4752  

Modeling, Analysis and Comparative of Down Sampling based… (Ravikumar Bhukya) 

703 

Again when reference signal is greater than carrier, the pole voltages are clamped to 
the DC link bus voltage. There is reduction in the fundamental component in the output voltage. 
Reduction in the output fundamental is proportional to the shaded area shown in Figure 5. The 
extended linear region in SVPWM as compared to SPWM shown in Figure 4. The voltage 
transfer characteristics is again non linear in the over modulation region similar to SPWM. An 
over-modulation scheme with the linear voltage transfer characteristics for a general n-level 
SVPWM signal generation. Reference signal to the PWM modulator is pre-scaled in over-
modulation region such that the fundamental component of the original and the modified 
reference signal is same.The modified reference signal is always within carrier region. Thus 
voltage transfer characteristic is a linear function of the modulation index both in the linear-
modulation as well as in the over-modulation region. The inverter leg switching times are directly 
obtained with a simple algorithm using only the sampled amplitudes of the reference phase 
voltages. Shown in Figure 6, Figure 7 and Figure 8. 

 
 

 
Figure 7. The inverter switching vectors and their switching time durations during sampling 

interval TS  (Reference voltages are within the inner carrier region, M < 0.433) 
 
 

 
Figure 8. Determination of the Ta_cross , Tb_cross and Tc_cross during switching interval TS  (When 

reference voltages are spanning the inner carrier region, M < 0.433)  
 
 

 
Figure 9. Determination of the Ta_cross , Tb_cross and Tc_cross during switching interval TS  (When 

reference voltages are spanning the entire carrier region, 0.433<M < 0.866 
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Figure 10. Down sampling based CSV PDPWM 

 
 

 
Figure 11. Down sampling based CSV PODPWM 

 
 

 
Figure  12. Down sampling based CSVAPODPWM 

 
 
The pulse generation of the different down sampling based SVPWM techniques shown 

in above figures. Figure 10 Indicates the CSV PDPWM techniques, Figure 11. Indicates the 
CSV PODPWM techniques, Figure  12 Indicates the CSV APODPWM techniques.  
 
 
3. Simulation Results and Discussions 

The simulation study has performed and carried out three-phase  seven level cascaded 
and diode clamped multilevel inverters behavior based on comparative regarding down 
sampling based clamping SVPWM control strategy such as  CSV PDPWM, CSV PODPWM and 
CSV APODPWM techniques. In this simulation the carrier frequency used in this designed is 
about 1KHz.  
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Figure 13. Seven level CHB CSV PDPWM 

 
 

 
Figure 14. Sive level CHB CSV PODPWM 

 
 

 
Figure 15. Seven level CHB CSV APODPWM 

 
 
The seven level CHBMLI we have done matlab simulation using  down sampling based  

clamping space vector PWM techniques. We have observe the performance of THD and  load 
of the induction motor. The fft analysis of seven level inverter for both technique show in   Figure 
13, Figure 14 and Figure 15. In the seven level single phase CMLI contain three H-bridges with 
series connections with the output phase voltage is 7 level and line voltage is 13 level of the 
inverter.  

 

 
Figure 16. Seven level NPC CSV PDPWM 



                     ISSN: 2502-4752           

 IJEECS Vol. 7, No. 3, September 2017 :  698 – 707 

706 

 
Figure 17. Seven level NPC CSV PODPWM 

 
 

 
Figure 18. Seven level NPC APODPWM 

 
 
The seven level diode clamped MLI we have done matlab simulation using down 

sampling based  clamping space vector PWM techniques. We have observe the performance of 
THD and load of the induction motor. The fft analysis of seven level inverter for both technique 
show in Figure 16, Figure 17 and Figure 18. In the seven level single phase CMLI contain three 
H-bridges with series connections with the output phase voltage is 7 level and line voltage is 13 
level of the inverter. We can observe the CSV-PDPWM techniques is  perfect with the low THD, 
voltage and current shapes of the seven level CMLI. The comparision of THD for diode clamped 
and cascaded inverter using down sampling based SVPWM techniques shown in Table 1 and 
Table 2. 

 

 

Table 1. The THD Performance of seven level cascaded inverter 
S.No PWM Techniques THD% (V) 

1 CSV PDPWM 9.90 
2 CSV PODPWM 9.93 
3 CSVAPODPWM 9.92 

 
 

Table 2. The THD Performance of seven level diode clamped inverter 
S.No PWM Techniques THD% (V) 

1 CSV PDPWM 9.58 
2 CSV PODPWM 9.70 
3 CSVAPODPWM 9.69 

 
Table. 3. Specifications of induction motor parameters 

Parameters  Specifications 

Input voltage  400VRMS(PhasePhase) 
Inverter voltage  100(Volts) 

Rotor speed 
Fundamentalfrequency 

Switching frequency 
Reference speed 
Frequency modulation 
Amplitude modulation 
Sampling order 

 1440(RPM) 
50(Hz) 
1K (Hz) 

1500(RPM) 
200 
0.6 
10 
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4. Conclusion 
In this paper dealy with a new down sampling based modified Space vector Pulse width 

modulation technique so called Clamping Space vector Pulse width modulation technique. The 
reference sine wave generated as in case of conventional off set injected SVPWM technique is 
modified by down sampling the reference wave by order of 10. The comparison of THD of the 
proposed control strategies for seven level diode clamped and cascaded inverter. When 
compared, it is obvious that CSV PDPWM is the most efficient control strategy with low THD for 
all level of inverter. The THD analysis, line voltages, stator currents and speed and torque of the 
machine are calibrated and compared confirming the good-quality waveforms. 

 
 

Acknowledements  
We thank the University Grants Commission (UGC), Govt. of India, NewDelhi for 

providing Major Research Project to carry out the Research work on Multi-Level Inverters. I also 
thank UGC for awarding me with RGNF FELLOWSHIP to carry out  my research work (Ph.D). 
 
 
References 
[1] Akira Nabae, Isao Takahashi and Hirofumi Akagi. A New Neutral-Point-Clamped Pwm Inverter. IEEE 

Trans On Industry Applications. 1981; Ia-17(55): 518-523. 
[2] Irfan Ahmed, Vijay B. Borghate. Simplified space vector modulation technique for seven-level 

cascaded H-bridge inverter. IET Power Electron. 2014, Vol. 7, Iss. 3, pp. 604–613. 

[3] Ravi kumar Bhukya, P. Satish kumar, E. Sreenu. Analysis of level shifted modulation strategies 
applied to cascaded H-bridge multilevel inverter fed induction motor drive. Sixth International 
Conference on Advances in Computing, Control and Networking–ACCN2017. DOI: 10.15224/978-1-
63248-117-7-18. 2017: 80-84. 

[4] M. Satyanarayana, P. Satish Kumar. Analysis and Design of Solar Photo Voltaic Grid Connected 
Inverter. Indonesian Journal of Electrical Engineering and Informatics (IJEEI), IAES. 2015: 199-208. 

[5] José Rodriguez, Jih-Sheng Lai and Fang Zheng Peng. Multilevel Inverters: A Survey of Topologies, 
Controls, and Applications. IEEE Transactions on Industrial Electronics, Vol. 49, No. 4, August 2002, 
Pp 724-738. 

[6] Ryu, H.M., Kim, J.H. and Sul, S.K. Analysis of multi-phase space vector pulse width modulation based 
on multiple d–q spaces concept‟, IEEE Trans. Power Electron. 2005, 20, (6), pp. 1364–1371. 

[7] Lai, J.-S.; Peng, F.Z. (1985). Multilevel converters - a new breed of power converters, IEEE Trans-
actions on Industry Applications, vol. 32, no. 3, pp. 509-517. 

[8] Ravi kumar Bhukya, P. Satish kumar. Performance Analysis of Modified SVPWM Strategies for Three 
Phase Cascaded Multi-level Inverter fed Induction Motor Drive. International journal of power 
electronics and drive systems. 2017; 8(2): 835-843. 

[9] H. Gheraia, and al. Modeling and control of a seven level NPC voltage source inverter. Application to 
high power induction drive. The European Physical Journal. 2001: 105-115.  

[10] B. P. McGrath, D. G. Holmes, and T. Lipo. Optimized space vector switching sequences for multilevel 
inverters. IEEE Trans. Power Electron, (vol. 18, pp. 1293–1301, Nov. 2003). 

[11]  G. Carrara, S. G. Gardella, M. Archesoni, R. Salutari, and G. Sciutto. A new multilevel PWM method: 
A theoretical analysis. IEEE Trans. Power Electron, vol. 7, no. 3, pp. 497–505, Jul. 1992.  

[12]  VT Somasekhar, K Gopakumar, MR Baiju, K. K. Mohapatra, and L.Umanand. A multilevel inverter 
system for an induction motor with open-end windings. IEEE Trans. Ind. Electron., vol. 52, no. 3, pp. 
824–836, Jun. 2005.  

[13] W. Yao, H. Hu, and Z. Lu. Comparisons of space-vector modulation and carrier-based modulation of 
multilevel inverter,” IEEE Trans. Power Electron., vol. 23, no. 1, pp. 45–51, Jan. 2008.  

[14]  R.Beig, G. Narayanan, and T. Ranganathan. Modified SVPWM algorithm for three level VSI with 
synchronized and symmetrical waveforms,” IEEE Trans. Ind. Electron., vol. 54, no. 1, pp. 486–494, 
Feb. 2007.  

[15] R. H. Baker and L. H. Bannister. Electric Power Converter. U.S. Patent 867 643, Feb. 1975. 


