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Abstract:--- Pulse Width Modulation techniques are the key 

concepts for converters. In this paper a PWM techniques and 

implementation methods for voltage source multilevel inverters 

were discussed. These PWM techniques can be broadly 

implemented based on carrier comparison approach and digital 

space vector approach. In this paper implementation of PWM 

techniques for dual inverter fed open end winding induction 

motor drives were presented based on digital space vector 

approach. This digital space vector approach provides freedom in 

selecting various switching combination to improve the different 

measurable parameters (output voltage, common mode voltage, 

current ripple, etc.) of the drive. Moreover these PWM techniques 

can be easily extended to any N-level inverter fed motor drives.  

Keywords— Audio and Image, GPS, GPRS, GSM, Sensors. 

I. INTRODUCTION 

With the advancement in semiconductor technology 

power electronic controlled of drives and power converters 

are predominantly used for all the applications. Voltage 

source inverters are the taking major shear among all the 

power electronic converters. For the control of output 

voltage and frequency different pulse width modulation 

techniques are employed to voltage source inverters [1]. 

PWM techniques can be implemented based on space vector 

based carrier comparison approach and digital space vector 

approach. Few PWM methods may yield same pulse pattern 

in both the methods and few may not. To improve the 

quality of output voltage PWM techniques are employed at 

high frequencies. With high switching frequencies sharp 

edges of common mode voltage causes common mode 

currents which have undesirable effects on motor bearings.  

With the advancement in renewable sources of energy 

multilevel converters are gaining importance. These 

multilevel inverter topologies generate good quality of 

output voltage at low switching frequencies with low 

common mode voltage. Among different multilevel inverter 

topologies dual inverter fed open end winding induction 

motor drive are predominantly used in hybrid electric 

vehicles and solar water pumps. 2-level inverter 

configuration is the basic building block of dual inverter fed 

open end winding induction motor drives. Hence the 

topology is simple in construction and easy to operate. 

Based on controlling of inverters in dual inverter 
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configuration control techniques are classified as decoupled 

and coupled techniques [2]. In coupled techniques both the 

inverters are treated as single unit and control signals are 

generated [3-4]. Where as in decoupled techniques both the 

inverters are treated as separate units and control signals are 

independently generated to each inverter. In this paper main 

concentration is given to coupled control techniques to dual 

inverter topology. 

PWM techniques for dual inverter topology (any 

multilevel inverter topology) can be implemented in 

different ways. Two-level modulating signal and multi 

carrier based comparison approach, multilevel space vector 

based carrier comparison approach, digital multilevel space 

vector approach. All these PWM techniques may or may not 

give identical results. Carrier comparison approach is easy 

to implement but restricts the freedom in selecting various 

pulse pattern. Whereas digital space vector approach 

provide freedom in selecting various pulse pattern. In this 

paper a multilevel digital space vector based PWM 

technique for dual inverter fed open end winding induction 

motor drive with implementation method is presented. This 

PWM technique can also be extended to yield various pulse 

patterns and N-level inverter topology.  

II. DIGITAL SPACE VECTOR APPROACH 

PWM techniques are programmed to generate three phase 

output voltage with a phase different of 120
0 

from a voltage 

source inverter. Hence for any type PWM techniques 

consider three reference signals as given in (1) similar to 

that as the output voltage of an inverter. Now to generate 

control signals the PWM techniques can be implemented 

using carrier comparison approach or digital space vector 

approach. In this paper new digital space vector PWM 

program to synthesize control signals for 3-level inverter is 

explained. The literature summarizes various algorithms, 

few contemplating on the reduction of mathematical 

involvement by avoiding the use of trigonometric functions, 

few working on synthesizing the nearest switching states 

with no look-up tables and few concentrating on 

maintaining the modularity in the algorithm so that 

flexibility to use it to different multilevel topologies can be 

made feasible. But with the advancement in semiconductor 

technology special purpose digital controllers with good 

processing speed, memory capacity, it is futile to suppose in 

terms of economizing space and doling time. Hence the 

present status demands a generalized (that can extend to  
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higher levels) and modular (applicable to various 

topologies) is of great demand. Hence an algorithm that can 

perform these two duties with slightest modifications is 

proposed in this section.  

As the digital space vector PWM technique is used the 

three reference signals given in (1) need to be converted to 

space domain or frequency domain by using (2). Now the 

reference vector (Vref or Vs) will have a magnitude of 2Vdc 

and will be rotating with supply frequency (w). 

          (  )             (      )     
        (      )  

 (1a) 

 ̅  
 

 
   [   

      
 
  

     
   

 ]  (1b) 

for normalized voltage vectors 
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Fig.1 Three level space plane showing sectors, switching 

states and sub-hexagons. 

Three level space vector plane with all the possible 

switching states are shown in Fig. 1. A three level space 

plane is divided into six sectors (     ). Also the space 

plane can be viewed as an outer hexagon consisting of seven 

sub-hexagons(     ). There are    possible switching 

states, here n is the level of the inverter. Hence with three-

level inverter there are 27 switching states or voltage vectors 

each occupying various positions in the space plane. There 

are few redundant switching states occupying same position 

in the space plane. For instance   is a voltage vector whose 

position is along the reference d-axis at a normalized 

distance of 0.5 from the centre of the outer hexagon.    can 

be synthesized by placing the inverter in either of the two 

states (100) or (211). For this reason these two are termed as 

redundant states. Hence to synthesize    voltage vector in a 

sampling instant the inverter is to be placed in either of the 

two redundant states.  

The objective of any space vector PWM algorithm is to 

determine the nearest switching states. By placing the 

semiconductor devices in those switching positions an 

inverter can synthesize the reference voltage vector at a 

given switching instant. This is done in an average sense and 

not in an instantaneous manner by maintaining volt-second 

balance. For instance let suppose the reference vector lies in 

a position shown in Fig. 1. i.e. the tip of the reference 

vector,   ̅  lies in    making an angle   with reference to d-

axis. The algorithm to synthesize the nearest switching 

states is elucidated in the subsequent steps. 

Step1: From |  |   the sector number is identified using 

set of equations (2). 
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Here rdV  and rqV  are the d-q axis components of rV

respectively. 

 

Step 2: Based of the sector information corner vectors of 

are recognized from lookup table given in Table I. 

 
Step 3: From the sector information and corner vectors 

the probable nearest switching states among       are 

identified for every switching instant and are stored in a 

matrix, 3LxA . Here, L is the modulation level given by (3). 
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For rV
 in 1S

, the matrix is given by (4). 
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Here             are the components of   along a, b, c 

axes respectively. 

Step 4: Knowing the elements of A, the switching state 

that is close to the tip of rV  is yet to be identified. For this 

the d-q axis components of switching states in the matrix A 

are to be resolved using (5). 
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(5) 

Here ......3.2,1 Lx  The distance matrix is computed 

using (6). 
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The element with least distance value is the number at 

which the nearest switching state is located at a given instant 

and is referred as minimal distance vector, rnV . 

Step 5: Find the shifted reference vector, rnV  by 

subtracting the corresponding d-q axis components of 

nearest switching state vector from the reference vector 

using (7). Here  mm VV ,  are the d-q axis components of 

closest switching state (CSS) vector found using (5). 

    mrqmrdrn VVjVVV    (7) 

The shifted reference vector lies in one of the seven sub-

hexagons, 70 HH  with tail of the vector located at one of 

the 70 VV  corner vectors is identified. The switching states 

corresponding to a sub-hexagon are synthesized from Table 

II. 

Step 6: Once the shifted reference vector is identified, 

synthesizing rnV  at a given switching instant is made in the 

same way as the case in a conventional two level inverter. 

For this the triangle, „tri’ in which the tip of rnV  is located, 

its magnitude and angular position information is 

established using (8). 
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Step 7: Knowing the magnitude and position of the, 

rnV  the active state and zero state switching times for 

executing a given sequence is calculated in an average 

sense. Here ba TT ,  and zT are the active state vector and zero 

state vector dwell times for rnV  in a given triangle found 

using (9). 
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TABLE II 

LOOKUP TABLE FOR IDENTIFYING SWITCHING STATES OF 

A SUB-HEXAGON 

sub-hex 
State 

1 

State 

2 

State 

3 

State 

4 

State 

5 

State 

6 

State 

7 

State 

8 

   1 0 0 1 1 0 0 1 0 0 1 1 0 0 1 1 0 1 1 1 1 0 0 0 

   2 0 0 2 1 0 1 1 0 1 1 1 1 0 1 2 0 1 2 1 1 1 0 0 

   2 1 0 2 2 0 1 2 0 1 2 1 1 1 1 2 1 1 2 2 1 1 1 0 

   1 1 0 1 2 0 0 2 0 0 2 1 0 1 1 1 1 1 1 2 1 0 1 0 

   1 1 1 1 2 1 0 2 1 0 2 2 0 1 2 1 1 2 1 2 2 0 1 1 

   1 0 1 1 1 1 0 1 1 0 1 2 0 0 2 1 0 2 1 1 2 0 0 1 

   2 0 1 2 1 1 1 1 1 1 1 2 1 0 2 2 0 2 2 1 2 1 0 1 

Step 8: Once the switching state dwell times are known, 

the near-by switching states to execute a given PWM 

method is done with the aid of Table III. 

 
Fig.2 Sub-hexagons and their switching states of    

sector 

Utilizing the various redundant switching states available 

different PWM switching sequences can be synthesized. 

Fig.2 shows the sub-hexagons, triangles and their switching 

state locations of sector-1. Due to symmetry only sector -1 is 

shown. Based on the layer in which reference vector is 

located and its location in a sub-hexagon the switching 

states are utilized to synthesize the pulses of its 

corresponding PWM sequence. As an example, the 

switching states utilized for executing conventional 

sequence (0127), bus-clamping sequence utilizing zero 

state(0) and two active states (1,2) referred as 012 sequence, 

721 sequence and 012-721 sequence are shown in Table III. 

Similar approach can be extended to numerous sequences 

like double switching bus-clamping sequence utilizing zero 

state (7) and splitting one of the active state (1or 2).  
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TABLE III 

LOOKUP TABLE FOR EXECUTING VARIOUS SEQUENCES 

WITH    ̅̅ ̅̅ ̅ LOCATED IN LEVEL-2 AND SECTOR-1 

sub-

hexagon 
L 

Tri. 

no. 

Sequence 

0127 012 721 012-721 

   1 1 
000-100-

110-111 

000-100-

110 

111-110-

100 

111-110-

100/000-

100-110 

   

2 

1 
100-200-

210-211 

100-200-

210 

211-210-

200 

211-210-

200 

2 
100-110-

210-211 

100-110-

210 

211-210-

110 

211-210-

110 

   

6 
110-210-

211-221 

110-210-

211 

221-211-

210 

110-210-

211 

1 
110-210-

220-221 

110-210-

220 

221-220-

210 

110-210-

220 

The usage of fictitious zero vectors and active vectors 

sequences in different sub triangles of all the sub hexagons 

with 0127 and 012 721sequences are shown in Fig. 3. For 

012 and 721 sequences utilises same sequences in all the 

triangles, as in 0127 sequence. Hence they are not shown. 

The sequence given in table-III can be brought under one 

umbrella by using (10). Here ao is a constant which can take 

values between 0 and 1. T0 and T7 are the zero vector times 

derived from Tz. 

   )T-a(1=T and   T a=T zo7zo0  
(10) 

 
(a) (b) 

Fig. 3 Zero States usage in different sub triangles and 

sub hexagons with (a) PWM1 (b) PWM4 

With 0127 sequence zero vector time    is shared equally 

among two zero vectors 0 and 7. Using 10 this equal sharing 

of times for 0 and 7 can be achieved by using 0.5 for ao. By 

choosing ao = 1, (10) can be written as T0=Tz and T7= 0 

which indicates that zero vector time Tz is assigned to only 

one zero vector 0. Hence choosing ao = 1 yields 012 

sequence. Choosing ao = 0, (10) can be written as T0=0 and 

T7= Tz which indicate the allocation of zero time Tz to only 

one zero vector 7. Hence choosing ao = 0 yields 721. 

Similarly choosing ao = 0 for all odd sectors (S1, S3, S5) 

and choosing ao = 1 for all even sectors (S2, S4, S6) yields 

012-721. The combined selection of 012 and 721 sequences 

can be achieved by using (11).  

1    0
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 (11)  

The simulated switching states with sequence 

0127,012,721 and 012-721 are shown in Fig. 4. As all the 

sectors are symmetrical the switching state selection only in 

sector 1 is shown in Fig.4. The switching shown in Fig.4 

and switching states given in table-III for various sequences 

are matching.  
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Fig. 4 Various simulated plots in sector 1 with sequences 

(a) 0127 (b) 012 (c) 721 (d) 012-721 

III. DUAL INVERTER CONFIGURATION 

The circuit configuration of connecting dual inverter to 

open end winding induction motor is shown in Fig.5. Dual 

inverters independently can generate a pole of 0 and Vdc/2 

for a DC input voltage of Vdc/2. The combined effective 

pole voltages with different switching combinations are 

given in Table-IV. The switching states discussed in section 

II can be resolved in to dual inverter switching sates using 

Table-IV.  

 

 
Fig. 5 Dual-inverter configuration  

IV. RESULTS AND DISCUSSION  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
 

The analysis and simulation of dual inverter fed open end 

winding induction motor drive with different PWM 

sequence are carried. For simulation studies 1 Hp, 415V and 

50Hz open end winding induction motor is considered. Dual 

inverters are controlled with different PWM techniques at a 

switching frequency of 3 kHz. An input effective DC 

voltage of 540V is applied for the dual inverters. The 

simulation results of effective pole voltage, effective phase 

voltage and common mode voltage with different PWM 

sequence are shown in Fig.6. 

From the results of effective pole voltage it is observed 

that the voltage levels shown in Fig. 6 and given in table-IV 

are matching. Because of clamping of voltage to positive or 

negative dc-bus with 012 or 721 or 012-721 switching losses 

of inverter are reduce. With all the PWM sequence the 

voltage levels created in effective phase voltage are same. 

Only change in the pulse position can be observed. Hence 

only a small improvement in quality of output voltage will 

be observed. With 0127 sequence for a input voltage of Vdc 

the common mode voltage (CMV) is having a peak to peak 

magnitude of -Vdc/3 and Vdc/3. With 012 sequence CMV is 

having a magnitude of -Vdc/3 and Vdc/6. With 721 sequence 

CMV is having a magnitude of -Vdc/6 and Vdc/3. With 012-

721 sequence CMV is having a magnitude of -Vdc/6 and 

Vdc/6. Hence it is concluded that with bus clamping 

sequences (012,721 and 012-721) common mode voltage is 

reduced.  
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V. CONCLUSION 

Open end winding induction motors are generally 

controlled through dual inverter configuration. With the 

advancement of semiconductor technology, control of 

induction motor greatly depends on the PWM technique 

(any multilevel inverter topology) adopted. Among the 

different ways of adopting these PWM techniques space 

vector based implementation has many advantages. Out of 

which, dc bus utilization, ease of digital implementation and 

freedom in selection of zero states are the major concerns. 

Control signals for all switching devices in each phase are 

concurrently generated at a given switching instant. The 

present paper mainly focuses on the implementation of 

digital space vector PWM technique for a dual inverter fed 

open end winding induction motor drive. This method can 

be extended for any level with an inherent advantage of 

implementing for different sequences that synthesize various 

PWM methods. For simplicity the drive behaviour is tested 

with four sequences 0127, 012, 721, 012-721 in terms of the 

pole voltage, phase voltage and common mode voltage. 
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