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Abstract- This paper proposes a space vector pulse 
width amplitude modulation (SVPWAM) method for 
a buck–boost voltage/current source inverter. 
Multilevel voltage-fed inverters with space vector 
pulse width modulation strategy are gained 
importance in high power high performance 
industrial drive applications. Multi-phase machines 
and drives is a topic of growing relevance in recent 
years, and it presents many challenging issues that 
still need further research. In this paper a 5-level 
SVPWAM is proposed which is having better features 
than the conventional 2-level SVPWAM. All the 
simulations are carried out in MATLAB/Simulink 
software environment. 
 
Keywords: Buck-boost, SVPWAM, 2-level, 5-level, 
switching loss reduction, THD. 
 
1.  Introduction 
 

The need for increased power level ac drive 
systems in place of conventional two-level inverter 
configuration is the main requirement of the present 
days. The standard two-level voltage source inverter is 
composed of only one switch cell per phase. But in the 
field of high power driving systems the level of dc 
current bus voltage constitutes an important limitation of 
the handled power. Another drawback of the two-level 
converter is very high dv/dt generated by two-level 
voltage source inverter. More over as the dc-link voltage 
of a two-level inverter is limited by voltage ratings of 
switching devices, the problematic series connection of 
switching devices is required to raise the dc link voltage. 
By this the maximum allowable switching frequency has 
to be more lowered thereby harmonic reduction becomes 
more difficult. Hence the need for high performance ac 
drive systems, at increased power level high quality 
inverter output with low harmonic loss and torque 
pulsation has arisen. Multi-level converters come as a 
solution to these problems. Their performance depends 
on the PWM method that is used.  
 
Currently, 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.  
 
Fig. 1 shows a typical configuration of the series plug-in 
electric vehicle (PHEV). 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 have 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]–
[16], and discontinuous PWM (DPWM) [17]. Different 
switching sequence arrangement can also affect the 
harmonics, power loss and voltage/current ripples [18]. 
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. Moreover, it 
will worsen the device heat transfer because the 
temperature variation. A double 120 flattop modulation 
method has been proposed in [6] and [7] to reduce the 
period of PWM switching to only 1/3 of the whole 
fundamental period. However, these papers did not 
compare the spectrum of this method with others, which 
is not fair. In addition, the method is only specified to a 
fixed topology, which cannot be applied widely.  
 

 
Fig. 1 Typical configuration of a series PHEV 

This paper proposes a novel generalized space vector 
pulse width amplitude modulation (SVPWAM) method 
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for the buck/boost five level voltage source inverter 
(VSI). In this paper a new simplified, very efficient 
multi-level SVM method for five-level diode clamped 
inverter and three-level diode clamped inverter is 
developed using simulink block sets of MATLAB and 
this algorithm is used to generate gating pulses for multi-
level inverters and also the performance of the three 
induction motor is studied based on the developed 
algorithm. 
 
2. SVPWAM FOR VSI 
 
A. Principle of SVPWAM Control in VSI 
 
The principle of an SVPWAM control is to eliminate the 
zero vector in each sector. The modulation principle of 
SVPWAM is shown in Fig. 2. 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.  
 

 
Fig. 2 SVPWAM for VSI 

 
For example, in sector VI and I, phase leg A has no 
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 solid line in Fig. 3. 
A dc–dc conversion is needed in the front stage to 
generate this 6ω voltage. The topologies to implement 
this method will be discussed later. The original 
equations for time period T1 and T2 are 
 

 
where θ ∈ [0, π/3] is relative angle from the output 
voltage vector to the first adjacent basic voltage vector 
like in Fig. 2. 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 
multi 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 
 

 
The vector placement within one switching cycle in each 
sector is shown in Fig. 4. Fig. 5 shows the output line-to-
line voltage and the switching signals of S1. 
 

 
Fig. 3 DC-link voltage of SVPWAM in VSI 

 
B. Inverter Switching Loss Reduction for VSI 
 
For unity power factor case, the inverter switching loss is 
reduced by 86% because the voltage phase for PWM 
switching is within [−60◦, 60◦], at which the current is in 
the zero-crossing region. In VSI, the device voltage stress 
is equal to dc-link voltage VDC, and the current stress is 
equal to output current ia . Thus the switching loss for 
each switch is 
 

 
where ESR, Vref , Iref are the references. 
 
 
 3. EXISTED TWO-LEVEL SVPWAM 
 

 
Fig. 4 Space vector diagram of two level inverter 
Space vector diagram is divided into six sectors. The 
duration of each sector is 600. V1, V2, V3, V4, V5, V6 
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are active voltage vectors and V0 & V7 are zero voltage 
vectors. Zero vectors are placed at origin. The lengths of 
vectors V1 to V6 are unity and lengths of V0 and V7 are 
zero. The space vector Vs constituted by the pole voltage 
Vao, Vbo, and Vco is defined as 
 

 
 
The relation between the line voltages and the pole 
voltages is given by 

 
 

TABLE.I  
SWITCHING VECTORS, PHASE VOLTAGES, 

OUTPUT VOLTAGES 
 

 
 
4. PROPOSED 5-LEVEL SVPWAM 
 
Basically, 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 or CSI 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, such 
as Z/quasi-Z/trans-Z source inverter [37]–[40]. The front 
stage can also be integrated with inverter to form a single 
stage. Take current-fed quasi-Z-source inverter as an 
example. Instead of controlling the dc-link current Ipn to 
have a constant average value, the open zero state duty 
cycle Dop will be regulated instantaneously to control 
Ipm to have a 6ω fluctuate average value, resulting in a 
pulse type 6ω waveform at the real dc-link current Ipn, 
since I1 is related to the input dc current Iin by a transfer 
function 
 

 
A. Basic Control Principle 
 
The circuit schematic and control system for a 1-kW 
boost converter inverter motor drive system is shown in 
Fig. 5. 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. 5 SVPWAM-based boost-converter-inverter 

motor drive system 
 
B. Voltage Constraint and Operation Region 
 
It is worth noting that the SVPWAM technique can only 
be applied when the batteries voltage falls into the region 
Vin≤√3/2Vl−l due to the step-up nature of boost 
converter. The constraint is determined by the minimum 
point of the 6ω dc-link voltage. Beyond this region, 
conventional SPWM can be implemented. However, the 
dc-link voltage in this case still varies with 6ω because of 
the small film capacitor we selected. Thus, a modified 
SPWM with varying dc-link voltage will be adopted 
during the motor start up as shown in Fig. 16. Hence, the 
system will achieve optimum efficiency when the motor 
is operating a little below or around nominal voltage. 
When the motor demands a low voltage during start up, 
efficiency is the same as the conventional SPWM-
controlled inverter. 
 

 
Fig. 6 Operation region of boost-converter-inverter 

EV traction drive 
 
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. 
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5. SIMULATION RESULTS 
 

 
Fig. 7 Simulation Circuit of Existed System (2_Level 

SVPWAM) 
 

 
Fig. 8 Output Voltages of Inverter 

 

 
Fig. 9 THD Spectrum of Voltages 

 

 

Fig. 10 Simulation Circuit of Proposed System (5-
Level SVPWAM) 

  

 
 

Fig. 11 Third Harmonic Waveforms for Injection 
 

 
Fig. 12 Output Voltages of Inverter 

 

 
Fig. 13 THD Spectrum of Voltages 

 
6. CONCLUSION 
 
In this paper, we have explained about both SVPWAM 
and SVPWAM. A 2-level SVPWAM and 5-level 
SVPWAM control techniques are developed for 
operating the inverters. It is observed that the proposed 5-
level SVPWAM technique is having better performance. 
The THD of inverter output voltages is 3.26% and 1.06% 
in conventional and proposed systems respectively. The 
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effectiveness of the proposed method in reduction of 
power losses has been validated by the simulation results. 
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