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Abstract—In this work, a new input current modulation
technique is presented for the matrix converter (MC) working
in the conditions of unbalanced supply. The proposed technique
improves the quality of the supply currents when the output
performance of the MC is improved by considering the actual
supply voltage characteristics in the SVM technique. While
the balanced output voltages are produced by SVM technique
under unbalanced supply voltage condition, the MC input
performance is degraded due to the injection of harmonics with
the low frequencies in the supply currents. In this condition,
the supply current quality is upgraded by modifying the input
modulation vector based on the positive/negative sequence
components of the supply voltages. The approaches adopted by
the existing input current modulation techniques to decompose
the positive/negative sequence components are complex and
require large storage space. This drawback is overcome in
the presented technique by using the instantaneous power
theory to derive the input current modulation vector based
on the positive sequence components of the supply voltages.
The presented technique of deriving input modulation vector
does not require the complex and memory consuming sequence
decomposition methods and therefore can be realized easily as
compared to existing input modulation techniques of the MC.
The effectuality of the new technique is confirmed by the results
of simulation performed in PSIM software and real time results
in OPAL-RT. Comparison of the presented technique is carried
out with two other techniques to show the effectiveness.

Index Terms—Harmonics, input current modulation, matrix
converter, space vector modulation, THD.

I. INTRODUCTION

THE matrix converter (MC) is a single stage AC-AC
power conversion device which is able to produce the

variable voltage with the variable frequency. Some distinct
features of the MC are sinusoidal input/output waveforms,
four quadrant operation, adjustable power factor, long life
with compact size due to the absence of energy storing
element [1][2][3][4]. Despite of having many advantages, the
MC suffers from the several limitations which hinder its full
acceptance by the industry. The limitations of the MC are
complexity of controlling nine bidirectional switches, limited
voltage transfer ratio, sensitivity to the input disturbances,
complicated commutation and protection etc.

Practically, the input voltages to the MC become unbal-
anced and/or distorted due to the large number of asymmetric
and nonlinear loads connected to the supply grid. Therefore,
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it becomes necessary to examine the MC performance under
such an abnormal input voltage conditions. In the MC, due
to the absence of energy storing element, the output per-
formance is highly degraded in the presence of unbalanced
and/or distorted power supplies [5]. In the literature, several
modified modulation techniques for the MC are suggested
to eliminate the effects of unbalance/distortion present in the
input voltages on the MC output voltages[6], [7], [8], [9],
[10], [11], [12], [13]. In [6] [7], the conventional Alesina-
Venturini modulation technique of the MC is modified to
produce the required output voltages by calculating the duty
ratios using the actual supply voltages. The MC output
performance is enhanced by close loop control of the output
currents in [8]. Most widely used space vector modulation
(SVM) strategy for the MC is modified in [9], [10], [11],
[12], [13] for producing the balanced load voltages from
the abnormal supply. The output performance of the MC
is improved in [9] by modifying the modulation vector of
the fictitious rectifier stage of the MC based on the nega-
tive sequence components of the supply voltages. Feedback
and Feed-forward modulation techniques are presented in
[10][11] to refine the output performance of the MC with
the unbalance present in the supply voltages. In [12][13],
the required output performances of the MC are obtained
by considering the real supply voltages for the calculations
of the input modulation angle and modulation index of the
SVM technique.

However, the above modulation techniques which upgrade
the MC output performance in the presence of unbalanced
input voltages, degrades the input performance. Considerable
amount of lower order harmonics are injected into the supply
currents whilst balanced output voltages are generated by
the MC with the unbalanced supply [14]. With the purpose
of improving the supply current quality in the presence of
supply voltage unbalance, several input current modulation
techniques are suggested in the literature [15], [16], [17],
[18], [19].

The dynamic modulation technique presented in [14], [15],
[16], [17] modifies the input modulation vector of the MC
based on the positive and negative sequence components of
the supply voltages. The input current modulation technique
suggested in [18], modifies the input modulation vector using
the positive sequence components of the supply voltages. A
notch filter based simplified technique is proposed in [20]
which overcomes the realization difficulties associated with
the above input current modulation methods. The supply
currents in [21] are improved by using the feedback control
loops on the input side of the MC. The method uses the
resonant controllers to regulate the input active power and
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Fig. 1. (a) Matrix converter topology and (b) Indirect equivalent circuit of matrix converter
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Fig. 2. Active switching vectors of (a) Rectifier and (b) Inverter stages

currents. Almost all above modulation techniques require the
decomposition the positive/negative sequence components to
enhance the supply current quality. However, the realization
of decomposing positive/negative sequence components by
the conventional methods suffers from the large storage
requirements and/or high complexity.

This work proposes a new input current modulation tech-
nique for the MC to refine the quality of the supply cur-
rents under the conditions of unbalanced supply. The SVM
technique upgrades the output performance of the MC by
considering the actual input voltages as presented in [12][13].
The degraded quality of the supply currents in the above
conditions is refined by the new input current modulation
technique developed based on the principle of instantaneous

power theory. The proposed technique modulates the input
vector in the direction of the positive sequence vector of
the supply voltages. Unlike the existing input modulation
techniques, the presented technique realizes the above target
by using the principle of dual p-q theory. The instantaneous
oscillating powers are used to calculate the voltage com-
ponents corresponding to negative sequence and harmonic
components present in the supply voltages. The conventional
approaches of decomposing sequence components for the
existing input modulation techniques require large memory
space and therefore difficult to realize in the practice. In
this work, the performances of the MC are compared for
the three different cases of input current modulations. The
comparisons among the three cases are carried out based
on the amount of harmonics present in the supply currents
to prove the ability of new technique to upgrade the input
performance of the MC. The results obtained by PSIM and
OPAL-RT are presented to verify the effectiveness of the
proposed input modulation technique.

This paper is organized in five sections. The modified
SVM technique of the MC with the unbalanced supply
voltages is explained in the section II. Section III explains
the proposed input modulation technique. Simulation and real
time simulation results are presented and discussed in section
IV. Section V includes the conclusion of the work.

II. SPACE VECTOR MODULATION OF MC WITH
UNBALANCED SUPPLY VOLTAGES

In this section, the indirect SVM technique of the MC is
explained. The SVM technique provides the required output
performance under the unbalanced supply voltage conditions
[13]. Fig. 1 (a) shows the topology of the MC consisting
of nine bidirectional switches. The indirect SVM technique
is derived using the indirect equivalent circuit of the MC
as represented in Fig. 1 (b). The SVM techniques of the
conventional rectifier and the inverter are applied to the input
and output stages of the equivalent circuit of MC to calculate
the duty cycles. The duty cycles of both stages are combined
to obtain the duty cycles required to produce the switching
pulses for the nine bidirectional switches of the MC topology
[22].
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Fig. 3. MC modulation with the SVM technique

The modulations of the input and output stages of the MC
using the SVM technique require the input angle θi, output
angle θo and modulation index m. The conventional SVM
technique of the MC does not incorporate the actual input
voltage characteristics in the calculations of θi and m. As a
result, the conventional SVM technique fails to produce the
balanced output voltages in the presence of unbalanced and
distorted power supply.

The modified SVM technique presented in [13] overcomes
the above mentioned limitation of the conventional SVM
technique by considering the actual characteristics of the
supply voltages in the calculations of θi and m. As a
result, the disturbances present in the supply voltages are
compensated and balanced voltages are obtained at the output
of the MC. The reference currents and voltages required
to modulate the input and output stages of the indirect
equivalent circuit are represented by Eq. (1) and Eq. (2)
respectively. The reference currents are directly derived from
the actual supply voltages va, vb and vc.

Iia = sinωit

Iib = sin

(
ωit−

2π

3

)
Iic = sin

(
ωit+

2π

3

) (1)

where ωi represents the angular frequency of the supply
voltages. Here it is shown that the input reference currents
follow the supply voltages as directly derived from it.

voA = sinωot

voB = sin

(
ωot−

2π

3

)
voC = sin

(
ωot+

2π

3

) (2)

where ωo represents the required output angular frequency.
The six input and six output sectors associated with the

modulations of the virtual input and output stages of the MC
are shown in Fig. 2 (a) and (b), respectively. Figure 2 (a)
represents the six active current vectors I1-I6 and three null
vectors I0 associated with the modulation of input rectifier
stage in form of hexagon. Similarly, the hexagon formed by
the six active voltage vectors V1-V6 and two zero vectors V0
of the virtual output inverter stage of the MC are shown in
Fig. 2 (b).

Fig. 3 shows the block diagram of the MC operation with
the modified SVM technique considering the actual input
voltages va, vb and vc. The input modulation angle θi is
calculated using the αβ components of these input voltages
represented as viα and viβ as given by Eq. (3). The input
angle θi decides the position of the input reference vector Iref

among the six input sectors. Let, Iref is in sector-1 as shown
in Fig. 2 (a). Based on this, the input vector Iref is considered
to be synthesized by impressing the adjoining active vectors
I1 and I2 with duty cycles dγ and dδ respectively as
calculated by Eq. (4)-(6).

θi = tan−1
viβ
viα

(3)

Iref = I1 · dγ + I2 · dδ (4)

dγ = mc · sin
(π
3
− θr

)
(5)

dδ = mc · sin (θr) (6)

where mc is the modulation index. θr = θi−(Sr−1)· π3 is the
angle which represents the position of Iref in the respective
input sector. Sr represents the input sector number.

Similarly, the output modulation angle θo is calculated
using the αβ components voα and voβ of the output reference
voltages voA, voB and voC as given by Eq. (7). Let, the output
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reference vector is in sector-1 as shown in Fig. 2 (b). The
corresponding equations of the output reference vector Vref
and duty cycles are given by Eq. (8)-(10).

θo = tan−1
voβ
voα

(7)

Vref = V1 · dα + V2 · dβ (8)

dα = mv · sin
(π
3
− θv

)
(9)

dβ = mv · sin (θv) (10)

where mv is the modulation index. θv = θo−(Sv−1)·π3 is the
angle which represents the position of Vref in the respective
output sector. Sv represents the output sector number.

The combined duty cycles of the MC are calculated by
Eq. (11)-(15).

dαγ = dα · dγ = m · sin
(π
3
− θv

)
· sin

(π
3
− θi

)
(11)

dαδ = dα · dδ = m · sin
(π
3
− θv

)
· sin (θi) (12)

dβγ = dβ · dγ = m · sin (θv) · sin
(π
3
− θi

)
(13)

dβδ = dβ · dδ = m · sin (θv) · sin (θi) (14)

d0 = 1− dαγ − dαδ − dβγ − dβδ (15)

where m is the overall modulation index of the MC as
calculated by Eq. (16).

m = mc.mv =
|vo|
|vi|

(16)

where |vi| and |vo| are obtained by the αβ components of the
actual input and the output reference voltages as represented
by Eq. (17) and Eq. (18), respectively. The modulation
index m in Eq. (16) assumes the variable amplitude for
the abnormal supply voltage conditions. The m adjusts itself
according to the actual characteristics of the supply voltages.

|vi| =
√
v2iα + v2iβ (17)

|vo| =
√
v2oα + v2oβ (18)

Thus, the modifications incorporated in the calculations of
θi, θo and m according to the actual input voltages ensure the
sinusoidal and balanced output waveforms in the unbalanced
supply voltage conditions.

Nevertheless, the above condition introduces the large
amount of lower order harmonics, esp. 3rd and 5th, into
the supply currents degrading the quality of the supply as
discussed previously [14]. This necessitates the use of any of
the input modulation techniques suggested in[16], [15], [17]
to use with the SVM technique to upgrade the supply current
quality. These techniques make use of positive/negative se-
quence components of the supply voltages to derive the input
references for the SVM technique. This helps in reducing
the supply current harmonics when balanced voltages are
generated at the output of the MC.

III. PROPOSED INPUT MODULATION TECHNIQUE

In this section, the new technique of deriving the input
reference currents for the MC is developed to improve the
supply current quality. This new technique is derived based
on the dual p-q theory explained in [23] for 3-phase, 3-
wire system. Section III-A explains the distribution of the
harmonics in the MC supply currents due to the modified
SVM technique. In Section III-B, the proposed technique of
deriving the input modulation vector is explained in detail.

Consider the MC operation in the unbalanced supply
voltage conditions. The MC produces the balanced output
voltages using the modified SVM technique [12][13]. The
supply voltages and currents to the MC in abc and αβ
reference frames are represented as follows:

vabc =

vavb
vc

 abc−αβ−→ viαβ =

[
viα
viβ

]
(19)

iabc =

iaib
ic

 abc−αβ−→ iiαβ =

[
iiα
iiβ

]
(20)

where vabc and iabc are the supply voltage and current vectors
in abc reference frame. viα and viβ are components of
vabc in αβ reference frame. Similarly, iiα and iiβ are αβ
components of iabc. The components viα and viβ can be
represented as follows due to the unbalanced nature of the
supply voltages.

viα = viα+
+ viα− (21)

viβ = viβ+ + viβ− (22)

where viα+
and viβ+

represent the αβ components of
positive sequence supply voltages. Similarly, viα− and viβ−

represent the αβ components of negative sequence voltages
present in the supply.

A. MC supply currents with the modified SVM technique
under unbalanced supply voltage conditions

The MC performance is already examined in [12], [13],
[14] for the unbalanced supply voltage conditions. The odd
harmonics are introduced into the supply currents when the
balanced load voltages are produced by the MC from the
unbalanced supply [12]. Therefore, iiα and iiβ components
of the supply currents can be represented in terms of positive
sequence, negative sequence and harmonic components as
follows:

iiα = iiα+
+ iiα− + iiαh

(23)

iiβ = iiβ+ + iiβ− + iiβh
(24)

where iiα+
and iiβ+

represent the αβ components of the
positive sequence supply currents. Similarly iiα− , iiβ− and
iiαh

, iiβh
represent the αβ components of the negative

sequence and harmonic components present in the supply
currents respectively.
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Fig. 4. Control diagram of deriving input modulation signals using proposed technique

Fig. 5. Extraction of oscillating power components from the instantaneous
active and reactive powers using low pass filter

B. Derivation of MC input modulation vector

The instantaneous p-q theory decomposes the current
components corresponding to the various active and reactive
power components. On the other hand, the voltage compo-
nents corresponding to the various active and reactive power
components are derived using the dual p-q theory [23]. Both
these instantaneous theories are dual of each other. Recently,
Farnaz et. al. presented the enhanced instantaneous power
theory (EIPT) with the new approach of decomposing the
various current components in the unbalanced and distorted
supply conditions [24]. It is shown in [24] that, by using this
oscillating power component and the voltage components,
the unbalance and distorted components of the currents can
be calculated. Using the similar approach and the duality,
the present work develops the new technique of deriving
the input reference vector for the MC under the unbalanced
supply voltage condition. In this work, the unbalanced and
distorted components of the voltages are calculated by using
the supply current components and the instantaneous oscil-
lating components of the power. Figure 4 shows the control
diagram of the MC including the proposed input modulation
technique.

The αβ components of the supply voltages measured after
the input filter are represented as follows:

viα = viα+ + viα− + viαh
(25)

viβ = viβ+
+ viβ− + viβh

(26)

where viαh
and viβh

represent the harmonic components in-
jected into the supply voltages as a result of the voltage drop
across the source and filter impedance by the distortion in
the supply currents. However, the amount of these harmonic
components is very small.

According to the instantaneous power theory, the active
and reactive powers are calculated using the αβ components
of the supply voltages and currents as given below:

piαβ = viαiiα + viβiiβ (27)

qiαβ = viβiiα − viαiiβ (28)

where piαβ and qiαβ represent the instantaneous active and
reactive powers.

The instantaneous active and reactive powers are repre-
sented in terms of average and oscillating components as
given by Eq. (29) and (30). The presence of the oscillating
term in the power is due to the unbalance present in the
power supply.

piαβ = piαβ + p̃iαβ (29)

qiαβ = qiαβ + q̃iαβ (30)

where piαβ and qiαβ represent the average active and reactive
power components, respectively. The oscillating components
of the active and reactive powers are represented by p̃iαβ
and q̃iαβ , respectively.

The oscillating power components are extracted from the
instantaneous active and reactive powers using the low pass
filter as shown in the Fig. 5. The oscillating power terms
p̃iαβ and q̃iαβ are separated by subtracting the average
power components piαβ and qiαβ obtained at the output of
the low pass filter from piαβ and qiαβ , respectively. Based
on the principle of dual p-q theory and the formulations
of the current components in EIPT presented in [24], the
voltage components corresponding to the oscillating power
components p̃iαβ and q̃iαβ are calculated using the Eq. (31)
and Eq. (32).

˜viα =
iiα

i2iα + i2iβ
p̃iαβ +

iiβ
i2iα + i2iβ

q̃iαβ (31)

ṽiβ =
iiβ

i2iα + i2iβ
p̃iαβ −

iiα
i2iα + i2iβ

q̃iαβ (32)

where ˜viα and ṽiβ represent the unbalanced and distorted
voltage components of the supply voltages. As the amount
of harmonics is small in the supply voltages, these oscillating
voltage components ˜viα and ṽiβ dominated with the negative
sequence components of the supply voltages. ˜viα and ṽiβ are
represented by Eq. (33) and (34).

˜viα = viα− + viαh
(33)

ṽiβ = viβ− + viβh
(34)

Now, the input modulation vector components v∗iα and v∗iβ
are derived by subtracting the oscillating voltage components
˜viα and ṽiβ from the supply voltage components viα and viβ

as represented by following expressions:

v∗iα = viα − ˜viα = viα+
(35)

v∗iβ = viβ − ṽiβ = viβ+
(36)
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Fig. 6. Block diagram of MSVM modulated MC with proposed input modulation technique

It is shown that the αβ components of the input modulation
vector contain only the positive sequence components of the
supply voltages. This is similar to the well established input
modulation technique presented in [17][18] which utilizes
the positive sequence components of the supply voltages for
the input modulation of the MC. Therefore, the proposed
technique is expected to provide the performance similar to
that obtained with the input modulation scheme of [17][18].
The presented approach of deriving the input modulation
vector does not need complex and memory consuming
sequence decomposition methods which leads to the easy
implementation. Now, v∗iα and v∗iβ are used in Eq. (3) and
(17) instead of viα and viβ to calculate the input reference
vector and input angle, respectively as represented by Eq.
(37) and (38), respectively.

|vi| =
√
v∗2iα + v∗2iβ (37)

θi = tan−1
v∗iβ
v∗iα

(38)

Figure 6 shows the modified SVM scheme to control the
MC with the proposed input modulation technique in the
unbalanced supply voltage conditions.

IV. RESULTS AND DISCUSSION

In this section, the performance of the MC modulated
with the SVM technique is evaluated by applying new
input modulation technique in the presence of unbalanced
supply voltages. The MC performances for the three different
cases are compared in order to verify the effectiveness of
the new input current modulation technique. The supply

TABLE I
SIMULATION PARAMETERS

System parameter Description Value
Source parameters Frequency (fi) 50 Hz
Filter parameters Inductor (Lf ) 2 mH

Capacitor (Cf ) 18 µF
Resistance (Rf ) 58 Ω

Load parameters Resistance (RL) 10 Ω
Inductance (LL) 10 mH

Control parameters Carrier frequency (fc) 5 kHz

current qualities of the MC for the three cases are com-
pared based on the amount of harmonics. Case-1 includes
the operation of the MC with the SVM technique without
modifying the input modulation vector [13]. In case-2, the
input reference vector is modulated in the same direction
to that of positive sequence vector of the supply voltages
[17]. In this case, the positive sequence components are
decomposed using the Fortescue theorem. In Case-3, the
input reference vector is derived using the proposed input
current modulation technique. The simulations are performed
in the PSIM environment. The system parameters in the
simulation are chosen according to the Table I. The real time
results for the MC are obtained by the OPAL-RT integrated
with MATLAB/Simulink. The setup of OPAL-RT integrated
with MATLAB/Simulink is shown in Fig. 7. The real time
simulation parameters are shown in Table II.

The comparison of the MC performance for the above
three cases is carried out in the presence of unbalanced
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Fig. 7. Real time simulation set up using OPAL-RT

Fig. 8. Simulation results of supply currents: (a) Case-1 (b) Case-2 and
(c) Case-3 TABLE II

REAL TIME SIMULATION PARAMETERS

System parameter Description Value
Source parameters Frequency (fi) 50 Hz
Filter parameters Inductor (Lf ) 5 mH

Capacitor (Cf ) 15 µF
Resistance (Rf ) 48 Ω

Load parameters Resistance (RL) 15 Ω
Inductance (LL) 15 mH

Control parameters Carrier frequency (fc) 3.7 kHz

supply voltages as given in Eq. (39).

va = vm sin(ωit)

vb = 0.7vm sin(ωit− 2π/3)

vc = 1.4vm sin(ωit+ 2π/3)

(39)

where the values of vm and f are chosen to be 255
√
2 V

and 50 Hz respectively.
As the MC is controlled by SVM technique by considering

the actual supply voltages, the balanced output currents

Fig. 9. Harmonic spectrums of simulated supply currents for the three
cases: (a) Phase-a (b) Phase-b and (c) Phase-c

are expected in all three cases. The input performances of
the MC are evaluated based on the amount of harmonics
present in the supply currents. The index terms used to
analyze the presence of the harmonics in the supply currents
are: harmonic distortion (HD), frequency weighted harmonic
distortion (FHD) and total harmonic distortion (THD). The
expressions of HD, FHD and THD are given below [17],

HD =

√∑∞
h=3,5.. ih

i1

(40)

FHD =

√∑∞
h=3,5..(ih/h)

i1

(41)

THD =

√∑∞
h=3,5.. i

2
h

i1

(42)

where h, ih and i1 represent the order of the harmonic,
magnitude of the harmonic and fundamental supply current
components respectively.

The simulation results of the supply currents for the case-
1, 2 and 3 are shown in the Fig. 8. It is observed that
the supply currents in case-1 are much more distorted as
compared to case-2 and case-3. Fig. 12 includes the harmonic
spectrums of the supply currents obtained in the three cases.
Fig. 10 compares the supply currents of the MC for the
three cases on the basis of %HD, %FHD and %THD. The
comparison carried out in terms of %HD is shown in Fig. 10
(a). The %HD of the supply currents in case-1 are highest
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Fig. 10. Comparison of simulated supply currents based on: (a)%HD,
(b)%FHD and (c)%THD

Fig. 11. Experimental results of the supply currents: (a) case-1 (b) case-2
and (c) case-3

whereas lowest in case-3. In Fig. 10 (b), the supply currents
are compared based on the %FHD. The %FHD are highest
for the supply currents in case-1 and lowest for the supply
currents of case-3. However, there is no major difference
between the performances of the supply currents in case-2

Fig. 12. Harmonic spectrums of experimental supply currents for the three
cases: (a) Phase-a (b) Phase-b and (c) Phase-c

and case-3. Fig. 10 (c) represents the comparison of MC
supply currents for the three cases based on %THD. Case-
1 provides the highest %THD of the supply currents. The
supply current %THDs are nearly equal in case-2 and 3
and are remarkably lower than case-1. Comparison of the
MC input performances in the above three cases prove the
potential of the new technique to upgrade the supply current
quality. The real time results of the MC supply currents
obtained for the three above cases are shown in Fig. 11. The
harmonic spectrums of these experimental supply currents
are compared in Fig. 12. Fig. 13 shows the comparison of
these currents based on%HD, %FHD and %THD. These
results also prove the ability of the proposed technique
to reduce the harmonics from the supply currents in the
presence of unbalance supply. The performance exhibited by
this new technique is approximately similar to that of the
performance obtained in case-2.

Fig. 14 shows the load current waveforms of the MC
obtained in the three cases. It is observed that the output
currents are balanced and nearly sinusoidal in the nature.
The comparisons of the load currents for the three cases are
presented in Fig. 15 (a) and (b) based on %THD and peak
amplitude of the fundamental components, respectively. The
value of %THD is approximately 5% for the load currents
in all the three cases. Also, the peak amplitudes of the load
currents in three cases are approximately same. This proves
the effectuality of SVM technique to yield the balanced and
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Fig. 13. Comparison of experimental supply currents based on: (a)%HD,
(b)%FHD and (c)%THD

Fig. 14. Simulation results of load currents: (a) case-1 (b) case-2 and (c)
case-3

Fig. 15. Comparison of simulated load currents based on: (a) %THD and
(b) peak amplitude of fundamental component

Fig. 16. Experimental results of the load currents: (a) case-1 (b) case-2
and (c) case-3

sinusoidal output currents in the presence of unbalanced
supply voltages. The real time results of load currents for
the three considered cases are represented in Fig. 16 which
are approximately similar to the simulation results. Fig. 17
(a) and (b) represent the %THD and peak amplitudes of the
fundamental components of the experimentally obtained load
currents, respectively. Approximately 6.5 %THD and 5 V
peak amplitudes are obtained for the load currents in all the
three cases.

The simulation and the real time results of the output
line voltages obtained in case-3 are shown in Fig. 18 and
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Fig. 17. Comparison of experimental load currents based on: (a) %THD
and (b) peak amplitude of fundamental component

Fig. 18. Simulation results of balanced load voltages (line) produced by
SVM technique

Fig. 19. Experimental results of load voltages (line) produced by MSVM
technique

Fig. 19, respectively. Figure 20 shows the comparison of
the fundamental components of the output line voltages
obtained by the simulation and the experiment. It is shown
that the peak amplitudes of all output line voltages are
approximately 140 V. This shows that the improvement in
the supply currents by the proposed technique does not affect
the generation of the ability of the SVM technique to provide

Fig. 20. Comparison of the fundamental amplitudes of the output line
voltages obtained by the simulation and experiment.

the balanced output voltages for the MC.
The comparison of the MC input performance under

the unbalanced supply conditions proves the ability of the
presented new input modulation technique to reduce the
supply current harmonics. It is observed that the harmonics
in the supply currents are reduced up to the considerable
amount in case-2 and case-3 in comparison with the case-1.
The output performance of the MC in case-3 is not affected
by the new input modulation technique similar to case-1 and
case-2.

V. CONCLUSION

This work introduces the new input current modulation
technique for the MC. The new technique improves the
supply current quality of the MC when the supply voltages
are unbalanced. The new technique developed on the concept
of dual p-q theory modulates the input reference vector of
the MC in the same direction to that of positive sequence
components of the supply. The presented technique calculates
the voltage components corresponding to the oscillating
power components of the total instantaneous power to derive
the input modulation vector of the MC. These voltage com-
ponents correspond to the negative sequence and harmonic
components present in the supply voltages. This is different
from most of the existing input modulation techniques which
are highly dependent on the sequence decomposition algo-
rithms requiring the large storage space for the realization.
The harmonics present in the supply currents are successfully
reduced by the new input modulation technique without
affecting the output performance of the MC. The presented
work is validated by the simulation results obtained in PSIM
and test results of real-time simulations performed in OPAL-
RT.
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