
Multilevel inverters have opened the door for advances in electric energy conversion
technology. They present the features of a lower device voltage rating, lower
harmonic distortion, and higher efficiency compared with conventional two-level
inverters.
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Abstract 

FPGA-based design and implementation of space vector modulation for 

three-phase three-level diode clamed inverter

Three-level diode clamped inverter

The control of the multilevel inverters can be achieved by several modulation techniques,
among them, the space vector modulation (SVM) stands out, since it offers significant
flexibility to optimize switching waveforms.
SVM is a discrete type of modulation technique in which a sampled reference vector v* , is
synthesized by the time average of a number of appropriate switching state vectors.

The three-level SVM algorithm has three-main steps as shown in Fig. 3.

Space vector modulation of three-level inverter

Design and control of three-level inverter based on FPGA 
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Fig.6. Output phase voltage and load currents of three-level inverter controlled by SVM

Fig. 2. Space voltage vectors for a three-level inverter

Field-Programmable Gate Arrays FPGA

The digital computing tasks are developed
in the software (ie general-purpose and
graphical programming languages) and
then compiled down to a configuration file
or bitstream, containing information on
how the components should be wired
together. The FPGA does not require the
user to have experience in hardware-
design, which broadens the user group (see
Fig. 5).

Fig. 4: Different parts of the FPGA

Fig. 5: XILINX FPGA design flow
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The expressions of instantaneous
inverter phase output voltages
are given by:
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Fig.1 shows a schematic
diagram of a three-level
diode-clamped inverter in
which the DC-link consists
of two capacitors C1, C2.

As showing in this table,
each leg of the three-level
inverter has three switching
states (2, 1, 0), x=a, b or c.

Fig. 1. Main circuit of the three-level diode clamped inverter

Switching
states

K2x K1x vxo

2 1 1 vdc/2

1 0 1 0

0 0 0 -vdc/2

a ao bo co

b ao bo co

c ao bo co

v = (2v - v - v ) 3

v = (-v + 2v - v ) 3

v = (-v - v + 2v ) 3

The coordinates of each switching vector vα, vβ
are calculated based on the following matrix
transformation:
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Using the different switching combinations, the three-level inverter has 27
switching vectors, these vectors can be described using a graphical
representation in three-dimensional space as shown in Fig. 2.

The diagram of space vectors can be divided into six sectors, each sector further
is divided into four traiangle.
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Fig. 3. Three-level space vector modulation algorithm
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The FPGA is a integrated circuit configured
with a hardware description language. Its
unique design allows custom design of the
hardware. From a high-level view the FPGA
is a programmable silicon chip. It uses logic
blocks and programmable routing
resources, realizing this tailored version,
without physically changing anything in the
hardware (see Fig. 4).
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In this work, SVM for three-level inverter is implemented using FPGA. The SVM

algorithm is verified by modeling the simulation system in Matlab/ Simulink.

The FPGA may provide multiple PWM generators according to the three-level inverter

requirements. Unlike the digital signal processor (DSP) which runs a sequential program

in its microprocessor, an FPGA may run all the operations in parallel with the clock

signal.

The remaining task of this work is to complement the control and power circuits to

extract the experimental results.
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In inverter applications requiring medium to high power, the three-level diode clamped topology is a suitable way to achieve an 
enhanced quality of the output voltages and currents. This work presents an FPGA based implementation of space vector vector
modulation for three-level diode clamped inverter. The three-level inverter using SVM control has superior performance though 
bringing about much computational complexity. Therefore, the XILINX Zynq 7000 FPGA-based implementation could solve this 
problem well.


