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Abstract— In this paper, a space vector pulse width 

amplitude modulation (SVPWAM) technique has been 

developed for a Buck-Boost Converter based voltage/ 

current source Inverter. The switching loss is reduced by 

87%, compared to conventional sinusoidal pulse width 

modulation (SPWM) technique for a Voltage source 

Inverter, and the switching loss is reduced by 60% for 

Current source Inverter. The power density is increased by a 

factor of 2 to 3 in both cases. In addition it is also proved 

that the output harmonics distortion of SVPWAM is lower 

than SPWM, by using one third switching frequency of the 

latter one. The maximum overall system efficiency 96.7% 

has been achieved at full power rating .As a result ,it is 

economical to use SVPWAM to make the Buck-Boost 

converter based Inverter suitable for application that require 

high efficiency, high power density ,high temperature ,and 

low cost. 
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I. INTRODUCTION 

Recently, two existing inverter topologies are used for 

hybrid electric vehicles (HEVs) and electric vehicles (EVs): 

the conventional three-phase inverter with a high voltage 

battery and a three-phase pulse width modulation (PWM) 

inverter with a dc/dc boost front end. The conventional 

PWM inverter imposes high stress on switching devices and 

motor thus limits the motor’s constant power speed range 

(CPSR), which can be alleviated through the dc–dc boosted 

PWM inverter. 

The inverter is required to inject low harmonic 

current to the motor, in order to reduce the winding loss and 

core loss. For this purpose, the switching frequency of the 

inverter is designed within a high range from 15 to 20 kHz, 

resulting in the switching loss increase in switching device 

and also the core loss increase in the motor stator. To solve 

this problem, various soft-switching methods have been 

proposed [1]–[3]. Active switching rectifier or a diode 

rectifier with small DC link capacitor has been proposed in 

[4], [5], [8]–[12]. Varies types of modulation method have 

been proposed previously such as optimized pulse-width-

modulation [13], improved Space-Vector-PWM control for 

different optimization targets and applications [14], and 

discontinuous PWM (DPWM). Different switching 

sequence arrangement can also affect 

The harmonics, power loss and voltage/current 

ripples .DPWM has been widely used to reduce the 

switching frequency, by selecting only one zero vector in 

one sector. It results in 50% switching frequency reduction. 

However, if an equal output THD is required, DPWM 

cannot reduce switching loss than SPWM. 

In this paper, a space vector pulse width amplitude 

modulation (SVPWAM) technique has been developed for a 

Buck-Boost Converter based voltage/ current source 

Inverter. By eliminating conventional zero vector in Space 

Vector Modulation, one third and two third switching 

frequency reduction in CSI and VSI can be achieved, 

respectively. An 87% switching loss reduction can be 

achieved in VSI, and a 74% reduction can be achieved in 

CSI when unity power factor is assumed. Therefore, a high-

efficiency, high-power density, high-temperature, and low 

cost 1-kW inverter is achieved by using an SVPWAM 

method.  

 

Fig. 1: SVPWAM for 

 

Fig. 2: DC Link Voltage for SVPWAM in VSI 

II. SVPWAM FOR VSI 

A. Principle of SVPWAM control technique in VSI  

The principle of an SVPWAM control technique is to 

eliminate the zero vector in each sector. The modulation 

principle of SVPWAM is shown in Fig. 1. In each sector, 

only one phase leg is doing PWM switching; thus, the 

switching frequency is reduced by two-third. This imposes 

zero switching for one phase leg in the adjacent two sectors. 

For example, in sector VI and I, phase leg A has no 
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switching at all. The dc-link voltage thus is directly 

generated from the output line-to-line voltage. In sector I, no 

zero vector is selected. Therefore, S1 and S2 keep constant 

ON, and S3 and S6 are doing PWM switching. As a result, if 

the output voltage is kept at the normal three-phase 

sinusoidal voltage, the dc-link voltage should be equal to 

line-to-line voltage Vac at this time. Consequently, the dc-

link voltage should present a 6ω varied feature to maintain a 

desired output voltage. The corresponding waveform is 

shown in Fig. 2. A dc–dc conversion is needed in the front 

stage to generate this 6ω voltage. 

The original equations for time period are 
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Fig. 3: Vector placement in each sector 

Where θ ∈ [0, π/3] is relative angle from the output 

voltage vector to the first adjacent basic voltage vector like 

in Fig 1. If the time period for each vector maintains the 

same, the switching frequency will vary with angle, which 

results in a variable inductor current ripple and muti 

frequency output harmonics. Therefore, in order to keep the 

switching period constant but still keep the same pulse width 

as the original one, the new time periods can be calculated 

as 
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Fig. 4: simulink model of SVPWAM for VSI 

 

 
Fig. 5: Theoretical waveform of  output line to line voltage 

 
Fig. 6: Switching signals SVPWAM for VSI 

B.   Inverter Switching Loss Reduction for VSI 

In VSI, the device voltage stress is equal to dc-link voltage 

   , and the current stress is equal to output current     . 

Thus the switching loss for each switch is 

     

 
 

  
[∫    

|         |    

        
      

  ⁄

   ⁄

 ∫    

|         |    

        
      

   ⁄

   ⁄

] 

= 
  √ 

 
 

     

        
                                                 (3) 

Where     ,           are the references. 

Since the SVPWAM only has PWM switching in 

two 60 degrees sections, the integration over 2π can be 

narrowed down into integration within two 60 degrees 

     = 
  √ 
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The switching loss for a conventional SPWM method is 

       = 
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III. TOPOLOGY OF SVPWAM  

 The topologies that can utilize SVPWAM have two stages: 

dc–dc conversion which converts a dc voltage or current 

into a 6ω varied dc-link voltage or current; VSI for which 

SVPWAM is applied. One typical example of this structure 

is the boost converter inverter discussed previously. 

However, the same function can also be implemented in a 

single stage. The front stage can also be integrated with 

inverter to form a single stage. 
Example. Instead of controlling the dc-link current 

    to have a constant average value, the open zero state 

duty cycle     will be regulated instantaneously to control 

    to have a 6ω fluctuate average value, resulting in a 

pulse type 6ω waveform at the real dc-link current    , 

since I1 is related to the input dc current     by a transfer 

function. 
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Fig . 7: SVPWAM-based boost-converter-inverter motor 

drive system 

    
     

      
                                                                 (6)                                                                                                                

IV. 1-KW BOOST-CONVERTER INVERTER FOR EV MOTOR 

DRIVE APPLICATION 

A.  Operating Principle   

The circuit schematic and control system for a 1-kW Boost 

converter inverter motor drive system is shown in Fig. 7. A 

6ω dc-link voltage is generated from a constant dc voltage 

by a boost converter, using open-loop control. Inverter then 

could be modulated by a SVPWAM method. The 

specifications for the system are input voltage is 100–200 V; 

the average dc-link voltage is 300 V; output line-to-line 

voltage RMS is 230 V; and frequency is from 60 Hz to 1 

kHz. 

 

Fig. 8:  Simulink model of SVPWAM-based boost-

converter-inverter motor drive system 

 

In SVPWAM control of boost mode, dc-link voltage varies 

with the output voltage, in which the modulation index is 

always kept maximum. So, when dc-link voltage is above 

the battery voltage, dc-link voltage level varies with the 

output voltage. The voltage utilization increased and the 

total power stress on the devices has been reduced. 

B. Variable DC-Link SPWM Control at High Frequency 

When the output needs to operate at a relative high 

frequency, like between 120 Hz and 1 kHz, it is challenging 

to obtain a 6ω dc-link voltage without increasing the 

switching frequency of a boost converter. Because the 

controller does not have enough bandwidth. Furthermore, 

increasing boost converter switching frequency would cause 

a substantial increase of the total switching loss, because it 

takes up more than 75% of the total switching loss. The 

reason is because it switches at a complete current region. 

Also a normal SPWM cannot be used in this range because 

the capacitor is designed to be small that it cannot hold a 

constant dc link voltage. Therefore, the optimum option is to 

control the dc link voltage to be 6ω and do a variable dc link 

SPWM modulation. In this variable dc-link SPWM control, 

in order to get better utilization of the dc-link voltage, an 

integer times between the dc-link fundamental frequency 

and output frequency is preferred. When the output 

frequency is in [60 Hz, 120 Hz], a 6ω dc link is chosen; 

when the frequency is in [120 Hz, 240 Hz], a 3ω dc link is 

chosen; when the frequency is in [240 Hz, 360 Hz], a 2ω dc 

link is chosen. 

C. Test Results of  Boost converter VSI using SVPWAM 

(1) SVPWAM Control at 60 Hz: Figs. 9-12 show the 

output and input voltage, current waveform when 

input voltage increases from 20 to 100 V, while 

keeping the boost ratio constant. In this case, the 

output voltage increases linearly with input voltage 

increase. The output power increases in proportion 

to square of the input voltage. The parameters used 

in this test are input voltage 20 V, average dc link 

voltage is 60 V, RMS Voltage is 46V,rated power 

40W, Switching frequency 20 KHz and output 

frequency is 60 Hz. 

 
Fig. 9:  DC Link Voltage 
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Fig. 10: Three phase output voltage before filter 

 

Fig. 11:  Three phase output voltage after filter 

 

Fig. 12: Three phase output current before filter 

 
Fig. 13:  Three phase output current after filter 

(2) A 1-kW boost-converter inverter prototype has 

been built in the laboratory to implement the 

SVPWAM control at 60 Hz and SPWM control at 

1 kHz.in order to demonstrate their merits in 

reducing power loss and reducing the size 

compared to traditional methods.  The Parameters 

are use in this test are rated power: 1 kW; battery 

voltage: 100–200 V; rated line voltage RMS: 230 

V; dc-link voltage peak: 324 V; switching 

frequency: 20 kHz; output frequency: 60 Hz–1 

KHz . 

 

Fig. 14: DC Link Voltage 

 

Fig. 15: Three phase output voltage before filter 

 

Fig. 16: Three phase output voltage after filter 

 

Fig. 17: Three phase output current before filter 

 

Fig. 18: Three phase output current after filter 

V. FFT ANALYSIS FOR BUCK-BOOST CONVERTER VSI USING 

SVPWAM 

The object of THD analysis is the output voltage or current 

before filter. The reason is that certain orders of harmonics 

can be eliminated by sum of switching functions in VSI. The 

modulation index selected here is the maximum modulation 

index 1.15, since the SVPWAM always only has the 

maximum modulation index. Theoretically, the THD varies 

with modulation index. The dc-link voltage is designed to 

be a constant for SVPWM and an ideal 6ω envelope of the 

output six line-to-line voltages for SVPWAM. Thus, the 

harmonic of the SVPWAM here does not contain the 

harmonics from the dc–dc converter output. It is direct 

comparison between two modulation methods from 

mathematics point of view. We get 4.74 % THD in 

SVPWAM control for Buck boost VSI. 
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Fig. 19: THD of SVPWAM at frequency 60Hz before filter 

VI. CONCLUSION 

The SVPWAM control method preserves the following 

advantages compared to traditional SPWM and SVPWM 

method. 
(1) The switching power loss is reduced by 90% 

compared with the conventional SPWM inverter 

system. 

(2) The power density is increased by a factor of 2 

because of   reduced dc capacitor (from 40 to 6 μF) 

and small heat sink is needed 

(3) The cost is reduced by 30% because of reduced 

passives, heat sink, and semiconductor stress. 

A high-efficiency, high-power density, high-

temperature, and low-cost 1-kW inverter engine drive 

system has been developed and tested. 
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