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Abstract— A voltage source inverter is commonly used to 

provide supply voltage for three-phase induction motor with 

variable frequency and  voltage especially for variable speed 

applications, But the conventional square wave inverter 

facing the problems of odd harmonics. To avoid these 

problems, PWM method is generally employed. A suitable 

pulse width modulation- Space Vector Pulse width 

modulation technique is employed to obtain the required 

output voltage in the line side of the inverter. The magnitude 

and frequency of the fundamental component in the line side 

are controlled by the magnitude and frequency of the 

reference vector. Also V/F control method is also proposed 

in this paper to reduce the starting current as well as to avoid 

flux saturation. Thus efficiency can be increased. Switching 

signal is generated with the help of FPGA spartan3 module. 

program is written in the VHDL language  and realized 

using Xilinx software. 

Key words: FPGA- Field Programmable Gate Array, PWM-

Pulse Width Modulation, SPWM- sinusoidal PWM, 

SVPWM –Space Vectro PWM, V/F-voltage by frequency 

ratio 

I. INTRODUCTION 

Power electronics is a drive inspired field. Drive is used to 

transfer power from one side to other. Such transfer of 

power is obtained by proper switching. Importance of drives 

is increasing day by day. The main requirement of electric 

drive is variable voltage variable frequency source. Also 

harmonics must be reduced to maximum level. Efficient 

drive system must ensure maximum utilization of dc supply. 

 
Fig. 1 (a) single phase full bridge inverter (b) inverter output 

Above diagram shows the full bridge inverter 

circuit and the ac square wave output of the same. Major 

drawback of output is that it contains all odd harmonics 

except the triplen harmonics. It will deteriorate the 

performance, quality of the system. Presence of harmonics 

cause malfunction in the microprocessor based equipment. 

In addition, it will also cause overheating of conductors, 

transformers, induction motors. Relays and breakers are 

very sensitive devices. They are designed to respond to even 

small changes in current or voltage. Presence of harmonics 

cause erratic operation of the such sensitive devices. Also it 

will create unnecessary magnetic field near transformers and 

switch gears. These magnetic field adversely affect the 

performance transformer, switch gears.. Therefore it is 

necessary to reduce the harmonics. 

In this paper three phase voltage source inverter 

had been designed. Both Space Vector PWM method, 

voltage by frequency control methods are employed in this 

converter to increase the quality of the inverter. Three phase 

voltage source inverter is mainly used for induction motor 

applications. PWM methods are used to avoid the harmonics 

[2]. Sine PWM, space vector PWM are the commonly used 

PWM methods.. Out of these, space vector PWM is 

employed in this paper. Because only 66.5% of the square 

wave output is obtained in the Sine PWM method. 

Maximum dc voltage that can be rectified from the three 

phase supply is 560 V. By substituting 66.5% in the 

equation 

0.665 * 560 = 372 V 

But most of the commercial motors and other 

equipments are rated above 400V. On the other hand, space 

vector pwm provide 74.3% of square wave output [4,7]. By 

substituting 74.3% in the equation, 

0.743*560 = 416 V 

By adopting space vector PWM method[1,2], it is 

easy to meet the voltage requirement [3]. Voltage by 

frequency control is adopted to avoid flux saturation of core 

of the machine. This will help to reduce no load current, so 

that losses can be decreased and efficiency can be increased. 

II. VOLTAGE SOURCE INVERTER WITH V/F CONTROL 

 
Fig. 2(a): 3 Phase Voltage Source Inverter (b) Star 

Connected Load 

Above figure shows the proposed voltage source inverter 

circuit. As shown above, each leg contains 3 switches. 

Switching signals applied to the switches in the same legs 

are compliment to each other, so that short circuit can be 

avoided. The output from this inverter is to be fed to a 3-

phase balanced load.  This circuit may be identified as three 

single-phase half-bridge inverter circuits put across the same 

dc bus [4]. To appreciate the particular manner in which the 

switches have been numbered, the conduction-pattern of the 

switches marked in the above figure may be noted. It may 

be seen that with the chosen numbering the switches turn on 

in the sequence Sw1, Sw2, Sw3, Sw4, Sw5, Sw6, Sw1, 
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Sw2, ….and so on. Identifying the switching cycle time as 

360
°
 (2π radians), it can be seen that each switch conducts 

for 180
°
 

and the turning on of the adjacent switch is 

staggered by 60
°
. The upper and lower switches of each pole 

(leg) of the inverter conduct in a complementary manner. To 

reverse the output phase sequence, the switching sequence 

may simply be reversed. 

Considering the symmetry in the switch conduction 

pattern, it may be found that at any time three switches 

conduct. It could be two from the upper group of switches, 

which are connected to positive dc bus, and one from lower 

group or vice-versa (i.e., one from upper group and two 

from lower group). There are six combinations of 

conducting switches during an output cycle:- (Sw5, Sw6, 

Sw1), (Sw6, Sw1, Sw2), (Sw1, Sw2, Sw3), (Sw2, Sw3, 

Sw4), (Sw3, Sw4, Sw5), (Sw4, Sw5, Sw6). Each of these 

combinations of switches conducts for 60
°
 

in the sequence 

mentioned above to produce output phase sequence of A, B, 

C.  

Three phase voltage source inverter is designed to 

provide input supply for 3 phase induction motor. The 

equation concerning induction motor is that 

E or V = 4.44( ΦKTf) 

Φ = V/ (4.44 KTf) 

Where K is winding constant, T is the number of 

turns per phase, f is the frequency, E is the the emf induced 

by induction, Φ is the flux per pole. Out of these variables 

K, T are constant. Therefore flux per pole Φ is proportional 

to V/f. so that it is important to keep V/f ratio constant. 

NS = 120f / P 

Where NS – synchronous speed 

Consider a situation when NS reduces. As a result 

frequency also reduces. When frequency reduces V/f ratio 

increases, so that flux kept increases and move into 

saturation. As a consequence no load current increases and 

efficiency reduces. To avoid such conditions, V/f ratio is 

kept 1.2 (constant). Switching signals required is produced 

by the space vector PWM, which is  described detail in the 

next section. 

III. GENERATION OF SWITCHING SIGNAL 

A. Introduction to Space Vector Signal 

Three phase voltage or current is changed to its equivalent 

two phase quantity. The benefit of converting into two phase 

quantity is that, two phase quantity will have resultant 

vector. By controlling the resultant vector, the whole 

machine can be controlled easily. 

VA = VM Sinɷt 

VB = VM Sin(ɷt-120) 

VC = VM Sin(ɷt-240) 

Voltage space vector is defined as 

VS = VA+ VB e
j(2π/3)

+Vc e
j(4π/3)

 = Vα+  jVβ 

Where     Vα  = (3/2) VM Sinɷt ,  

Vβ = (3/2) VM Cosɷt 

Depending upon whether each switch connected to 

positive polarity or negative polarity. All the switching 

states and the equivalent space vector is shown below. 

 
Fig. 3: different switching states of VSI 

In the above figure when switch is connected to the 

positive potential, it is represted as „1‟. When connected to 

the negetive potential, it is represented as „0‟. Resultant 

vector of each each switching state is shown below. 

 
Fig. 4: Space Vector Locations 

Resultant vectors are represented as U1, U2, U3, 

U4, U5, U6, U7. Out of these U0(000), U7(111)  are known 

as zero vectors. Because resultant voltage is zero. All other 

vectors U1 to U6 are known as active vectors. Because they 

have resultant value other than zero. There is a definite 

relation between active vectors.  

U1 = -(U4), U2 = -(U5), U3 = -(U6) 

B. Generation of Space Vector Signal from Sinusoidal 

Signal 

Conventional method of creation of space vector signal is,  

conversion of three phase voltage signal to its equivalent 

two phase voltage, followed by the sector identification. 

According to the sector template is generated. But such 

complex conversion cannot be implement using VHDL 

programming. Calculation includes utilization of 

trigonometric function like sin, cos, tan. Since VHDL is a 

hardware language, certain functions such as trigonometric 

functions, multiplication with a fraction are not readily 

available in VHDL. Therefore it is preferable that SVPWM 

pulse can be easily create from SPWM pulse.  Therefore 

instead of conventional sector identification, space vector 

signal is derived from sinusoidal signal itself. 

Fundamental difference between SPWM and 

SVPWM is that, in SPWM time duration of zero vectors are 

not equal. Duration for U0 not equal to U7, i.e. T0 not equal 

to T7. , Where T0, T7 are the time period of zero vectors. But 

in SVPWM duration for U0 is equal to U7[4,5]. Creation 

SVPWM from SPWM is based on “making equal the 

duration of zero vectors”, make “T0 = T7”. In the SPWM 

when zero vectors are made equal, SPWM automatically 

converted into SVPWM[5].  
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Fig. 5: three phase voltage supply 

Consider the 3 phase supply above. Take a 

particular instant, say at 90
°
, VA has maximum value and 

VB, VC have minimum value(equal also).  Let‟s compare the 

phase values with triangular carrier signal. 

 
Fig. 6: Triangular Comparison With Sinusoidal Value 

Above figure shows the comparison between 

modulating signal and carrier wave. It is working on the 

basis that, whenever modulating signal is greater than 

carrier, output will be 1 otherwise output will be 0. It is clear 

from the figure that T0 and T7 are not equal. If T0 is made 

equal to T7 Sine PWM will be converted to SVPWM. 

Common mode signal is added to each three phase voltage, 

so that T0 will be equal to T7. Common mode signal is, 

VA = Vm Sinɷt 

VB = Vm Sin(ɷt-120) 

 VC = Vm Sin(ɷt-240) 

Offset voltage is defined as, 

Voff = (-0.5)*(Vmax +V min) 

VA‟ = VA + Voff 

VB‟ = VB + Voff 

VC‟ = VC + Voff 

Where Vmax is the maximum value of voltage,  

Vmin is the minimum value of voltage. 

 
Fig. 7: addition of common mode signal  

Initially 64 sample values had been taken for 50Hz 

sinusoidal signal from the matlab such that  VA + VB+ VC = 

0. Vmax, Vmin are time depended. It changes during each 

interval of 60°.  For  0 to 30  VC is maximum and VB is 

minimum. From 30° to 90°, VA is maximum, VB is 

minimum and so on. Determine maximum, minimum value 

during each interval. Calculate Voff for each interval and 

add it to the original voltage. Alteration had been applied at 

each interval as shown above. As a result sinusoidal signal 

changed to space vector signal is shown below. 

 
Fig. 8 conversion phase A- sinusoidal signal to space vector 

signal 

 
Fig. 9 conversion of phase B- sinusoidal signal to space 

vector signal 

 
Fig. 10 conversion of phase C- sinusoidal signal to space 

vector signal 

This is how the space vector signal is created. In 

the next step generated space vector signals had been 

compared with the triangle carrier wave of 10KHz 

frequency. It is based on the law that whenever space vector 

signal is greater than triangular signal output „1‟ is 

generated, output „0‟ is generated when triangle signal is 

higher than space vector signal. In such a way three 

switching signal had created. Compliment of the three 

switching signal is also generated by Vhdl programming. 

IV. EXPERIMENTAL SETUP AND RESULTS 

Prototype had successfully developed. Software, hardware 

part is separately described. 

Parameter magnitude 

System clock spartan3 20Mhz 

Space vector signal 50Hz 

Triangular carrier wave 10KHz 

Input voltage 5 V (DC) 

Output voltage 5 V(AC)  (3Phase) 

Table 1: Design Parameters 

A. Software Implementation 

Initially switching signal has to generate with the help of 

FPGA. For that, switching signal must program using 

Xilinx-ISE design tool. Below figure shows the block 
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diagram which is the logic behind the creation of V/f 

controlled SVPWM pulses [8]. 

 
Fig. 11 block diagram of switching signal generation 

1) Frequency Block 

Input of this block is frequency. According to the frequency 

input, it generate the enable signal. When frequency is high, 

frequency of the enable signal is also high. Only with the 

help of enable signal, switching signals are generated. This 

block ensures that switching signals are generated according 

to the frequency. 

2) clkgen 

Entire programming in FPGA spartan3 is based on clocks. 

System clock of spartan3 is 20MHz. This system clock is 

converted to 50Hz, 10KHz clocks. 50Hz clock is used to 

create space vector signal. 10 KHz clock is used to generate 

triangle signal. 

3) mctrl, memory 

memory block is a lookup table where space vector samples 

are kept. In the memory block, sample values are stored on 

specific address. Entire program contains three memory 

blocks each of which contains space vector values that are 

120° apart. Specification of lookup table is 8 by 64. Sample 

values are 8bit size. Number of samples are 64. 

4) scaling 

According to the frequency, scaling to the space vector 

values occur in this block. Scaling block contains simply a 

multiplication factor. scaling block had two inputs. One 

input from memory, another from frequency block. 

Frequency block provide the multiplication factor according 

to the frequency. The multiplication factor for 25Hz is half 

of the multiplication factor for 50Hz and so on. Therefore 

V/f ratio is kept constant. 

5) Triangle gen 

As the name implies, it is the block where triangle signal 

had been generated with the help of 10KHz clock generated 

in the clkgen block. Entire program contains three triangle 

generator block for producing three triangle to compare with 

three space vector values from three different memory 

blocks. 

6) PWM 

It is the block where comparison of space vector signal and 

triangle signal is takes place. Three space vector values 

compared with three triangular values. Three switching 

signals generated. Other three switching signals are 

compliment of the generated signals. As a result six 

switching signals are generated. 

There is simulator platform in the Xilinx software. 

Simulation result is shown below. Below figure shows 

switching signals corresponding to different frequency such 

as 37Hz, 40Hz, 42Hz..50Hz etc. 

 
Fig. 12: simulation result from I-SIM 

Using the Xilinx-ISE design tool, pwm switching 

signal is generated. Then Corresponding topbit is generated. 

Through the jtag cable, topbit transferred to the spartan3 kit. 

After programming the Spartan kit, switching signals were 

taken out successfully. Generated switching signals are 

shown below. 

 
Fig.13(a)                  Fig.13(b) 

Fig. 13 Switching signal for (a)Sw1,(b) Sw3(zoomed in the 

below channel) 

 
Fig.14(a)                   Fig.14(b) 

Fig. 14 Switching signal for(a) Sw5, (b)Sw2(zoomed in the 

below channel) 

 
Fig. 15(a)                    Fig.15 (b) 

Fig. 15 switching signal for(a) sw4, (b)sw6(zoomed in the 

below channel) 



FPGA based V/F Controlled Space Vector PWM Voltage Source Inverter 

 (IJSRD/Vol. 3/Issue 07/2015/100) 

 

 All rights reserved by www.ijsrd.com 437 

B. Hardware Implementation 

 
Fig. 16 Prototype 

IRF540 Mosfet switches were chosen inverter operation, 

whose voltage and current ratings are 100V, 28A 

respectively. TLP250 optocoupler had been chosen for 

isolation purpose. Switching signals are applied via 

optocoupler. Input voltage of 5V is applied. Output ac 

voltage is obtained which is matching with the 

matlab/simulink simulation result, which is shown below. 

 
Fig.17 output voltage (a) line voltage VAB (b) line voltage 

VBC  (c) line voltage VCA 

V. CONCLUSION 

Initially 64 sample values corresponding to 50Hz 

(0.02seconds) had been taken from matlab software. It is 

converted to space vector signal. Converted space vector 

values saved in the lookup table of spantan3 module. 

Switching signals generated using FPGA Spartan3 module. 

Xilinx-ISE design tool was used as programming software. 

Program was written in the VHDL language. Voltage source 

inverter had been successfully realized.  As a result of 

implementing V/F control, initial current could reduced and 

flux saturation successfully reduced. Output waveform 

matches with the theoretical waveform. As a result of 

implementing SVPWM, harmonic distortion reduces 

marginally. 
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