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Abstract—Matrix converter is a direct AC-AC converter
topology that directly converts energy from an AQrse

to an AC load without the need of a bulky and kahit
lifetime energy storage element. Due to the sicpuifi
advantages offered by matrix converter, such as
adjustable power factor, capability of regeneratiand
high quality sinusoidal input/output waveforms. at
converter has been one of the AC-AC topologies that
hasreceived extensive research attention for being
alternative to replace traditional AC-DC-AC conwend

in the variable voltage and variable frequency Advel
applications. In the present paper an indirect spac
vector modulated matrix converter is proposed. basic
idea of an indirect modulation scheme is to sepayat
apply SVM to the rectification and inversion stgges
before combining their switching states to prodtice
final gating signals. The paper encompasses dewaop

of a laboratory prototype of 230V, 250VA three ghs
three phase DSP controlled matrix converter fed
induction motor drive. The observations and reaheti
testings have been carried out to evaluate and avgr
the stability of system under various typical abmal
input voltage conditions

Keywords—Fuzzy Image Fusion, mage Enhancement,
Image Sharpening,Magnitude Gradient, Standard
Deviation.

l. INTRODUCTION

AC/AC converters take power from an AC system and
deliver it to another with waveforms of adjustable
amplitudes and frequencies. In direct AC/AC cormesit
the cyclo-converter is the most commonly employed
topology in three-phase to three-phase applications
making use of semiconductor switches to connect
directly the power supply to the load, convertintheee-
phase AC voltage to a three-phase AC voltage with
adjustable magnitude and variable frequency. l&we
power flow in either direction. The operating outpu
frequency of this direct converter should be Iéstthe
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input frequency. In addition to the cyclo-convester
matrix converters have enjoyed increasing inte@st
direct converters in recent years.

Most of the converters use diode-rectifiers (fokkmiby a
DC-link capacitor), which draw non-sinusoidal cumse
(ia, is, ic) even when fed with a balanced sinusoidal
voltages (M, Vg, Vc). Only considering the load side
currents (, i, i), the diode rectifier based VSI may be a
good solution, but its side currentsg, (ig, ic) are highly
distorted, containing high amounts of low order
harmonics which may further interfere with the othe
electric systems in the network. In addition, therent
flow on diodes cannot be reversed. Thus, bi-dicecti
power flow cannot be provided without using an Gasy
circuit.

A conventional solution for the harmonics in ingutrent
waveforms and bi-directional power flow problemsas
use a controlled bridge rectifier i.e. back-to-backtage
source converter (BBVSC) instead of diode rectitisr
shown in Fig. 1. The BBVSC draws sinusoidal current
waveforms (iA, iB, iC) from the AC supply. It coima a
DC-link capacitor between controlled bridge reetifand
the inverter bridge and supply filter inductors.

Fig. 1: Fuzzy inference system
The arrangement has limitation of bulkier and heavy
supply filter inductors (Ls) andDC-link capacitoriaw
and medium power conversion.

Il. MATRIX CONVERTERS
Cyclo-converter cannot be seen as an optimal soldtr
low and medium power level converters because of
restricted output frequencies and poor harmonic
performance. However, for the high power levelglay
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converter can be seen as an optimal solution dubeo
low loses and robustness. Matrix convertor is much
versatile without imposing any limits on the opergt
output frequencies. It performs direct AC/AC power
conversion process from AC utility to AC load, with
neither intermediate DC conversion nor DC energy
storage elements. Thus, it replaces the multiple
conversion stages by a single power conversioresayg
the way, the converter size and volume can be Igreat
reduced compared to the indirect AC/AC power
converters which have DC-link components. Thusalir

converter topologies may provide a solution for
application where large passive components are not
allowed.
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Fig. 2: Indirect Matrix Converter
Due to the independence of the voltage form and
frequency on the input and output sides, the matrix
convertor topology holds a promising potential for
universal power conversion such as: ac-dc, dc-edcd
and ac-ac (Mohan et al. 2003).
The real development of the matrix converter steuith
the work of Venturini and Alesina who proposed a
mathematical analysis and introduced the Low-Freque
Modulation Matrix concept to describe the low freqay
behavior of the matrix converter. In this, the aitp
voltages are obtained by multiplication of the mlation
matrix or transfer matrix with the input voltages.

M. METHODOLOGY
The proposed work mainly focuses on an indirectspa
vector modulation. The main idea of the indirect

modulation is to consider the matrix converter asve-
stage transformation converter. This separatioowall
known PWM strategies to be implemented in both the
rectifier and the inverter stage. During each samgpl
interval, DSP will first start the on board A/D aanter to
sample the input three phase voltages, then maka th
through comparators to determine the sector codbeof
input voltage vector. According to the displacememgle
set, the switching table is formulated. At last, DS
converts the switching times data to switching esisand
then sends the sector codes to the PLD (Prograremabl
WWwWw.ijaems.com

Logic Device) board. In DSP, the duty cycles of five
switching combinations are calculated and PWM plse
are generated. PLD will deliver the pulses to the
appropriate bidirectional switches and fulfil theuf-
stepped commutation.Block diagram of the proposgé D
controller based matrix converter for induction arot
control is shown in figure 3.
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Fig. 3: Flowchart of proposed approach
Modulation synthesize the output voltages fromitipaut
voltages and the input currents from the outputens.
The first modulator proposed for Matrix Converters,
known as the Venturini modulation, employed a scala
model. This model gives a maximum voltage transfer
ratio of 0.5. An injection of a third harmonic dfet input
and output voltage was proposed in order to fit the
reference output voltage in the input system emelo
This technique is used to achieve a voltage transt®
with a maximum value of 0.866. The three phase imatr
converter can be represented by a 3 by 3 matrir for
because the nine bidirectional switches can conoeet
input phase to one output phase directly withow an
intermediate energy storage elements. Both povegest
are directly connected through virtual dc-link and
inherently provide bidirectional power flow capatyil
because of its symmetrical topology.

V. DSP-BASED SVM ALGORITHM
IMPLEMENTATION
The general requirements for generating the switch
control signals for a matrix converter on-line @al-time
are as follows:
i). Computation of the switch duty cycles must be
completed within one switching period.
ii). Accurate timing of the pulse-pattern output should
be achieved, and
iii). The computational process must be synchronized
with the input-voltage sinusoidal cycle.
For both modulation methods, a TMS320F30
digital signal processor was used for on-line dakion
of the switch timings. The DSP is mounted on A PC-
compatible card, the Evaluation Module (EVM) to
facilitate the development process An additional
interface card was used for outputting the caledlat
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switch timings. This comprises of seven programmabl
timers, 4MHz clock, a 2Kx8-bit EPROM, an 8-bit /O
port and a few logic gates and is configured irhsaigvay
that either Venturini or SVM control method may be
selected. Both DSP and interface card are pluggedAiC
which provides a convenient means for data
communication and user interface.

During each sampling interval Ts, the DSP calcslais
switch duty cycles gftk) and converts them to integer
time-counts using the on-board clock frequency.ties
calculation is performed during the process of @sHs
timing output and is completed within Ts, it haseffect

on the real-time pulse signal generation. Once deteq
the calculated results are stored in the DSP merandy
subsequently loaded into the timers. According he t
output pulse pattern, two programmable timers aedu
for timing three switches. At the start of a switch
period, two timers are loaded with;;Tand T; + Tio
respectively and begin the count-down process vithéde
outputs are held 'LOW'. As soon as the first timg@rches

a terminal count, its output goes 'HIGH', thusiatihg
the commutation of switches from;;Sto S, At the
terminal count of the second timer, commutatiomfrs,

to S5 takes place. A third timer is required for timiagt

Ts which also determines the ‘on' duration of Swig.

On completion of a switching period, two times aee
loaded with the new integer counts and the proeedur
described is repeated. Loading of the timer isqrearéd
by a PC interrupt service routine. The outputshef two
timers can be converted to three switch controhalig
using a few gates, indicated as a 2-to-3 line |agicoder
block. Since the other two groups of three switches
also controlled using this approach, seven progralphen
timers are, therefore, required in the Venturinntcol
scheme.

The DSP computes the vector-time counts in the same
manner as the Venturini method. An EPROM is used to
store the selected sets of stationary and zeroredtach

of the switching vectors, represented by nine abntr
pulses, is coded as a 6-bit binary number to fd an 8-
bit EPROM. In retrieving, 2-to-4-line decoder IGise
used to recover the nine control signals. The 10-bi
address of each memory of the output voltage vetter
sector number of the output voltage vector, thetosec
number of the input current and output of four tisnes
used. The input and output sector numbers are lyeadi
available from the DSP and hence can be directegixto
address lines of the EPROM using the 6-bit latckesr
programmable timers can be similarly configuredhtmse

in the Venturini scheme but their outputs are deddo
four address lines of the EPROM. The extra timar fo
controlling Ts is also required. When the samplaoge
begins, four timers are loaded with, T+T,, T;+To+T3
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and T+T,+Ts+T, consecutively. The terminal count of
each switch changes the pulse-pattern of the fmert
outputs and in turn updates the pointer of the dopk
table. This effectively generates each of the $wgétching
vectors for a specified time interval as requirgdtbhe
SVM technique. On the completion of Ts, four intege
counts are updated and the process is then repeated
comparison, the C30DSP takes 20 ps to complete the
computation for the SVM scheme whereas 50 ps is
needed for Venturini method. As Ts is usually gethe
level of hundreds microseconds, during the majasftya
sample period the DSP is idled and can be used for
feedback control or other tasks. Both schemes reauie
interrupt routine for outputting the calculated ukts
Since this demands 50 ps to implement, the maximum
sampling frequency of the modulator can be exterided
10kHz. Any control algorithm for a matrix converter
must be synchronized with the input voltage cydetet

the calculation of switch timings can be correctly
performed. This is achieved by using the softwdrasp-
lock-loop which detects the zero-crossing of thpuin
phase voltage. An interrupt pulse generated at eact
crossing will cause the DSP to initialize approtgria
variables for calculation. The logic implementatic
necessary to control the four-step commutation thar
nine bi-directional switches requiring many resesrcit
was chosen to implement it in a XC95108 programmabl
logic device (Xilinx). This gives flexibility, asroboard
programming using the JTAG port, and allows for
compact and good noise immunity design. The switghi
state for each bi-directional switch group, assigte an
output phase, is two-bit encoded, in order to mininthe
interface terminals count and to avoid noise pnwisle

A DSP or a microcontroller, depending on requiretsen

is needed to produce the command signals: Enable,
Clock, Reset and the switching states. A progrankenab
logic device performs the logic control of the PEBEd
also, controls the 4-step bi-directional switch
commutation. Analog measurements, of the input @has
voltages and the output currents, galvanic insd|asee
accessible in the interface to the DSP micro-cdietro
The sign of the output currents is detected andl tise
control the 4-step commutation; an over-currentttos
output side will be detected, causing the matrirvester

to shutdown. Even though the four-step commutation
provides snubberless operation, a clamp circuittbase
employed. This protects the converter against over-
voltage generated by excessive energy in the motor
leakage inductance that may appear during shutdiuen

to an over-current. The diodes from the clamp dirate
sized according to the over-current level and anented

on the Power Stage Board, in order to minimizestinay
inductance. The capacitor should be externally regyn
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the same as the input L-C filter, which gives some

response. Some simulation studies have been dang us

freedom to the user to change the parameters and system parameters in Table 2.

configuration for the passive components. For eatalg

the performance of the algorithm of proposed method
following parameters are used.

4.1 Experimental Setup

The complete simulationmodel for induction moted f
by a three phase matrix converter through an iotire
space vector modulation approach is shown in figure

e pe—sh

SN

{e {2

Fig. 4: SVM Based simulation model for induction
motor fed by a three phase matrix converter

The MC is used to drive a standard induction motor
having the following parameters shown in table 1.

Table 1: Motor Parameters

Voltage 400 V
Nominal Power 4 Kw
Frequency 50Hz
Pole Pair 2

Torque 20
Rotation Inertia . 0.0131 Kg-m2
Stator Resistance (Rs) | 0-357&2
Rotor Resistance (Rr) | 0-286X2
Stator Inductance (Ls) | 0-03972H
Rotor Resistance (L) | 0-03972H
Mutual Inductance (Lm) | 0-03841H

The simulations have been carried out assuming a
sampling frequency of iz and ideal switching devices.
The dynamic behavior of the system has been tesitbd
reference to a load step change response and ispeet]
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Table 2: Input Parameters

Source voltage amplitude, Vinp 220V
Input frequency, fi 50 Hz
Input filter inductance, Lf 3 mH
Input filter capacitance, Cf 25
Switching frequency, fs 6 kHz

The results found using MATLAB/SIMULINK are
validated by performing experiments on available
laboratory kit and are shown in the following sentiThe
experimental setup of matrix converter prototypd tre
main circuit as well as power-control-isolation mbedof
prototype with measuring instruments are shown in

Figure 5.
™

3 phase supply

— . /
EXPERIMENTAL SETUP OF MATRIX CONVERTER DRIVE

Fig. 5: Experimental set-up of the matrix
converter drive system

For this, a 230V, 250VA three phase to three phage
fed induction motor drive prototype is implementesing
DSP based controller and tests have been carriedbou
evaluate and improve the stability of system under
various typical abnormal input voltage conditiobggital
storage oscilloscope & power quality analyzer asedu
for experimental observations. For the purpose of
generating various AC voltages, an AC source
equipment-Elgar SW5253A is used which generatesethr
phase output voltages with various amplitudes, oussi
frequency and various waveforms. The equivalertudir
parameters of the test motor are obtained throigiit |
running and blocked rotor tests. Effect of satoraton
magnetizing reactance has been found from zero slip
tests.
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V. RESULTS AND DISCUSSION
Performance of Matrix Converter fed induction motor
drive under abnormal input frequency and voltage
conditions of power supply is analyzed. These atmabr
conditions of input power supply have a great iafice
on the input/output performance of induction dritég.
shows motor performance curves due to drop inlgupp
frequency from 50 to 30 Hz for 1 sec. Sudden drop
frequency cause drop in speed of motor and reaches
steady state speed at 0.95 secs shown in figure 6.

b om o

Speed(rad/sec)

I I | I ]
,\,(-‘_: V) “' | T TVT R AV~ ]
\ ‘\_I | HiAK R

*\“\I‘ "}I ol

"I"' {4

i |

H

Torque(Nm)

. o L S N

Time(sec)

(@)

1 |
\ v‘\

;%‘|‘|‘\“\II‘I‘\I|1|‘|‘|” ]

Rotor current (A) Stator current (A)

Time(sec)

(b)

www.ijaems.com

Output Current (A

T
H\mm, i i
" (11 I I

i ‘ ” (,’ 1t “‘J ju‘,

|

‘ “\“

‘\ ' '\“M

‘ t fHHHL HH

“ “ \IH‘\ M”‘.

W L
‘ ‘ I M“‘ Tlme(sec) "w \ H‘ | ‘\‘-“:\‘3“‘

TEyvy
\‘ ‘M I I\ T
“ ;”’i H ‘ “‘ I \‘

‘ -“,‘I“l; |‘ J.\w(

‘H\ - |

Input Current (A

"'HH"'H"‘\

Time(sec)

(c)

i

| ||
'll f |

ul

I\ W""‘ Hf |
‘HM _‘l‘ ,3

M \‘ r‘ H
i

Time(sec

(9)

”Hl\H

W

Fig. 6 (a) Speed and load Torque Response (b) [Stath
Rotor Current (c) Input Current  (d) Output Cunteat
Abnormal input supply

The high performance matrix converter gives a vapid
response to sudden input frequency drop for fewrsgs
The rapid recovery of the stator and rotor curtenthis
dynamic event is also clearly shown in figure 6(bfirst
oscillates with the rapidly varying current before
achieving steady-state. The speed of recovery is
extremely fast, as stability is reached within few
switching cycles.After evaluating the performandeh
system under 20% step change in frequency using
Simulink, it is validated by the experimental resiit is
observed that the obtained experimental resultsiaréar

to the simulation results.

5.1 Results under Abnormal Input Voltage Conditions

Fig. 7 and 8 show the input/ output current & vgés,
when system is operated with unbalanced power guppl
The rms values of the input three-phase voltages ar
72.6V, 109.8V and 128.2V respectively.
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Fig. 7: Input & Output phase voltage at 30 Hz.
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Fig. 8: Output line current at 30 Hz
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Fig. 9: Output line voltage.

AC source provides 450mS of blackout of the thriessp
voltages. Fig.9 shows the matrix converter outime
voltage. It demonstrate rapid re-starting capibitif
matrix converter indicating that during the power
interruption the power delivered to load is intgxted ,
however, following the line voltage restoratiorg thatrix
converter rapidly resumes operation and delivensepo
quickly as compared to PWM converters.

VL. CONCLUSION
Modeling of the system is developed including modgel
of induction motor and DSP controlled matrix corger
structure.The paper presented

matrix converter. The resulting expressions of the
modulation signals are simple and suitable for firat
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indirect space vector
modulation technique for three phase-to-three phase

implementation. Besides, it is general that it banused
for unbalanced input voltages.

REFERENCES

[1] Venugopal, C., "Fuzzy logic based DTC for speed
control of Matrix Converter fed Induction Motor,"
Power and Energy (PECon), 2010 IEEE
International Conference onvol., no., pp.753,758,
Nov. 29 2010-Dec. 1 2010.

[2] Correa, P.; Rodriguez, J.; Rivera, M.; EspinoZR,;J.
Kolar, J.W., "Predictive Control of an Indirect Mat
Converter,"  Industrial Electronics, IEEE
Transactions on, vol.56, no.6, pp.1847,1853, June
2009

[3] Kumar, V.; Joshi, R. R., "DSP-Based Matrix
Converter Operation Under Various Abnormal
Conditions with Practicality,"Power Electronics,
Drives and Energy Systems, 2006. PEDES '06.
International Conference onvol., no., pp.1,4, 12-15
Dec. 2006.

[4] Vargas, R.; Ammann, U.; Rodriguez, J.; Pontt, J.,
"Predictive Strategy to Control Common-Mode
Voltage in Loads Fed by Matrix Converters,"
Industrial Electronics, IEEE Transactions on
vol.55, no.12, pp.4372,4380, Dec. 2008

[5] Wheeler, P.W.; Clare, J.C.; Apap, M.; Bradley, K.J.
"Harmonic Loss Due to Operation of Induction
Machines From Matrix Converters,'Industrial
Electronics, IEEE Transactions on vol.55, no.2,
pp.809,816, Feb. 2008

[6] Faraji, V.; Aghasi, M.; Khaburi, D.A.; Ghorbani,
M.J., "A modified DTC for induction motor drive
system fed by Indirect Matrix Converter using Aetiv
Learning Method,'Power Electronics, Drive Systems
and Technologies Conference (PEDSTC), 2011,2nd
vol., no., pp.356,361, 16-17 Feb. 2011

[71 Reusser, C.A.; Silva, C.A.; Dominguez, P., "Low
frequency sensorless Field Oriented Control of an
induction machine fed by a direct matrix convetter,
Industrial Electronics Society, IECON 2013 - 39th
Annual Conference of the IEEE vol., no.,
pp.4874,4879, 10-13 Nov. 2013

[8] Lopez, M.; Rivera, M.; Garcia, C.; Rodriguez, J.;
Pena, R.; Espinoza, J.; Wheeler, P., "Predictive
torque control of a multi-drive system fed by a-six
leg indirect matrix converter[hdustrial Technology
(ICIT), 2013 IEEE International Conference aqn
vol.,, no., pp.1642,1647, 25-28 Feb. 2013

[9] Metidji, B.; Taib, N.; Baghli, L.; Rekioua, T.; Bha,

S., "Novel Single Current Sensor Topology for
Venturini Controlled Direct Matrix Converters,”
Power Electronics, |IEEE Transactions ,onol.28,
no.7, pp. 3509, 3516, July 2013.

Page | 6



International Journal of Advanced Engineering, Management and Science (IJAEMS)

[Vol-1, Issue-7, Oct- 2015]
ISSN : 2454-1311

[10]Empringham, L.; Kolar, J.W.; Rodriguez, J.;
Wheeler, P.W.; Clare, J.C., "Technological Issues
and Industrial Application of Matrix Converters: A
Review," Industrial Electronics, IEEE Transactions
on, vol. 60, no.10, pp.4260,4271, Oct. 2013.

[11]Nguyen, T.D.; Hong-Hee Lee, "Dual Three-Phase
Indirect Matrix Converter With Carrier-Based PWM
Method," Power Electronics, IEEE Transactions on
vol.29, no.2, pp.569,581, Feb. 2014.

[12]Nguyen, T.D.; Hong-Hee Lee, "A New SVM Method
for an Indirect Matrix Converter With Common-
Mode Voltage Reduction,Industrial Informatics,
IEEE Transactions on vol.10, no.1, pp.61,72, Feb.
2014.

[13] Xingwei Wang; Hua Lin; Hongwu She; Bo Feng, "A
Research on Space Vector Modulation Strategy for
Matrix Converter Under Abnormal Input-Voltage
Conditions,"  Industrial Electronics, IEEE
Transactions on vol.59, no.1, pp.93,104, Jan. 2012.

[14]Wang X., Lin H., She H. and Feng B., Jan. 2012 “A
Research on Space Vector Modulation Strategy for
Matrix Converter Under Abnormal Input-Voltage
Conditions,” IEEE Transactions on Industrial
Electronics vol. 59, no. 1, pp. 93-104.

WWwWw.ijaems.com

Page | 7



