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(57) ABSTRACT

The present invention provides an apparatus for controlling a
multiphase multilevel voltage source inverter. The apparatus
includes a signal-generating unit and a converter. The signal-
generating unit responds to an input signal to produce a
switching strategy control signal and a duration timing con-
trol signal corresponding to the switching strategy control
signal. The converting unit responds to the switching strategy
control signal and the duration timing control signal to pro-
duce a switching signal. The voltage source inverter responds
to the switching signal to generate a multiphase-and-multi-
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CONTROLLER APPARATUS FOR
CONTROLLING A MULTIPHASE
MULTILEVEL VOLTAGE SOURCE
INVERTER AND A METHOD THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to a control apparatus
for a DC/AC converter, particularly a control apparatus for a
multiphase multilevel voltage source inverter.

BACKGROUND OF THE INVENTION

[0002] Voltage source inverter is a necessary circuit for
driving a motor. By controlling the status of open or close of
the components in the voltage source inverter, it can generate
required current to drive the motor. Traditional control strat-
egies of three-phase voltage source inverters include sin-
ewave pulse-width modulator, SPWM, and space vector
pulse-width modulator, SVPWM. Multiple-phase motors are
advantageous over three-phase motors in the improvement of
magnetomotive forces, the reduction of stator copper losses,
the increase of motor operation efficiency, the noise reduction
and the reduction of pulsating torque. When considering driv-
ing a multi-phase motor, one would face the issue of expan-
sion for using either one of the two traditional types of modu-
lators.

[0003] However, the strategy of controlling the multi-phase
voltage source inverter and the applicability thereof are
important when considering taking advantage of the mul-
tiple-phase motors. Although the operation of a SPWM is
quite simple, and is easy to be expanded to multi-phase struc-
tures, the DC voltage usage rate thereof is decreased along
with the increase of the number of phases, which is thus
impractical. The use of several types of multi-phase SVPWM
is restricted due to the required massive calculation circuit for
performing calculations of high dimensional matrix inverse
and trigonometric functions as well.

SUMMARY OF THE INVENTION

[0004] To overcome the abovementioned drawback, the
present invention provides an apparatus for controlling a mul-
tiphase multilevel voltage source inverter. The apparatus
includes a signal-generating unit and a converter. The signal-
generating unit responds to an input signal to produce a
switching strategy control signal and a duration timing con-
trol signal corresponding to the switching strategy control
signal. The converting unit responds to the switching strategy
control signal and the duration timing control signal to pro-
duce a switching signal. The voltage source inverter responds
to the switching signal to generate a multiphase-and-multi-
level AC voltage output.

[0005] Preferably, the signal-generating unit includes a
sorting unit, a subtracting unit and a re-assembling unit. The
sorting unit receives the input signal being a digital signal,
and generates a plurality of data by using the input signal. The
plurality of data represent multiple phases of the AC voltage
output to be generated by the voltage source inverter and are
denoted by a first vector having plural elements, and the
sorting unit sorts the plural elements of the first vector to
obtain a second vector having plural sorted elements and
obtains a first matrix based on the first and the second vectors.
The subtracting unit configured to (a) obtain a third vector by
preceding a first one of the sorted elements of the second
vector by an element having a value of 1, and by removing a
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last one of the sorted elements therefrom; (b) obtain a fourth
vector by replacing a value of the first one of the sorted
elements of the second vector with a difference between the
first one and the last one of the sorted elements of the second
vector; and (¢) obtain a fifth vector by subtracting the fourth
vector from the third vector. The re-assembling unit obtains a
second matrix based on a transposed matrix of the first matrix
and a pre-defined matrix. Values of the sorted elements of the
second matrix are associated with the switching strategy con-
trol signal, and values of elements of the fifth vector are
associated with the duration timing control signal.

[0006] Preferably, the second vector is a product of the first
matrix and the first vector.

[0007] Preferably, the pre-defined matrix is an upper-trian-
gular matrix.

[0008] Preferably, the apparatus further includes a 5-phase
and 7-level switching unit. The switching unit has a first, a
second, a third, a fourth and a fifth switching units. The first
switching unit outputs a first phase voltage output. The sec-
ond switching unit outputs a second phase voltage output. The
third switching unit outputs a third phase voltage output. The
fourth switching unit outputs a fourth phase voltage output.
The fifth switching unit outputs a fifth phase voltage output.
Each of the phase voltage outputs has a respective one of
seven voltage levels.

[0009] Preferably, the converting unit uses the switching
signal to control each of the switching units to be switched to
a respective one of the seven voltage levels.

[0010] Preferably, the signal-generating unit includes a
decomposition unit, a sorting unit, a subtracting unit and a
re-assembling unit. The decomposition unit receives the input
signal being a digital signal, and generates a plurality of data
by using the input signal. The plurality of data represent
multiple phases of the AC voltage output to be generated by
the voltage source inverter. The decomposition unit decom-
poses each of the plurality of data into an integer and a
decimal fraction ranging between 1 and -1. The sorting unit
obtains a first vector having plural elements based on the
decimal fraction of the each data, sorts the elements of the first
vector to obtain a second vector having plural sorted ele-
ments, and obtains a first matrix based on the first and the
second vectors. The re-assembling unit obtains a second
matrix based on a transposed matrix of the first matrix and a
pre-defined matrix, and obtains a third matrix by performing
an addition and a translation operations to the second matrix.
Values of elements of the third matrix are associated with the
switching strategy control signal, and those of the fifth vector
are associated with the duration timing control signal.
[0011] In accordance with another aspect of the present
invention, an apparatus for controlling a multiphase multi-
level voltage source inverter is provided. The apparatus
includes a means for receiving an input signal, and generating
a switching strategy control signal and a duration timing
control signal corresponding to the switching strategy control
signal in response to the input signal; and a means for gener-
ating a switching signal in response to the switching strategy
control signal and the duration timing control signal, and
controlling the voltage source inverter to generate voltage
outputs with multiphase and multilevel in response to the
switching signal.

[0012] In accordance with a further aspect of the present
invention, a method for controlling a voltage source inverter
is provided. The method includes steps of: (a) generating a
switching strategy control signal and a duration timing con-
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trol signal corresponding to the switching strategy control
signal in response to an input signal; and (b) generating a
switching signal in response to the switching strategy control
signal and the duration timing control signal, and controlling
the voltage source inverter to generate a multiphase-and-
multilevel voltage output in response to the switching signal.
[0013] Preferably, the step (a) furtherincludes sub-steps of:
(al) using the input signal, which is a digital signal, to gen-
erate a plurality of data forming a first vector, and sorting the
plurality of data to obtain a second vector; (a2) obtaining two
vectors based on the second vector, and subtracting one from
the other of the two vectors to obtain a third vector denoting
an input period of the duration timing control signal; and (a3)
obtaining a first matrix, wherein the second vector is a prod-
uct of the first matrix and the first vector, and obtaining a
second matrix by multiplying a transposed matrix of the first
matrix with a pre-defined matrix.

[0014] Preferably, the step (a) further includes a sub-step of
(a4) generating the switching signal based on the switching
strategy control signal and the input period of the duration
timing control signal.

[0015] Preferably, the step (a2) further includes sub-steps
of (a2-1) obtaining a fourth vector by preceding a first ele-
ment of the second vector by an element having a value of 1,
and by removing a last element of the second vector there-
from; (a2-2) obtaining a fifth vector by replacing the first
element of the second vector with a difference between the
first and the last elements of the second vector; and (a2-3)
obtaining the third vector by subtracting the fifth vector from
the fourth vector.

[0016] Preferably, the step (a) furtherincludes sub-steps of:
(al) using the input signal being a digital signal to generate a
plurality of data, and decomposing each of the plurality of
data into an integer and a decimal fraction ranging between 1
and -1; (a2) obtaining a first vector having plural elements
based on the decimal fractions of the each data, and sorting
the plural elements of the first vector to obtain a second
vector; (a3) obtaining two vectors based on the second vector,
and subtracting one from the other of the two vectors to obtain
a third vector denoting an input period of the duration timing
control signal; (a4) obtaining a first matrix, wherein the sec-
ond vector is a product of the first matrix and the first vector,
and obtaining a second matrix by multiplying a transposed
matrix of the first matrix with a pre-defined matrix; and (a5)
obtaining a third matrix by performing an addition and a
translation operations to the second matrix.

[0017] Preferably, the step (a3) further includes sub-steps
of: (a3-1) obtaining a fourth vector by preceding a first ele-
ment of the second vector by an element having a value of 1,
and by removing a last element of the second vector there-
from; (a3-2) obtaining a fifth vector by replacing the first
element of the second vector with a difference between the
first and the last elements of the second vector; and (a3-3)
obtaining the third vector by subtracting the fifth vector from
the fourth vector, and the step (a5) further includes sub-steps
of: (a5-1) obtaining a fourth matrix by adding a correspond-
ing integer of the each data into the respective each element of
the second matrix, wherein the corresponding integer is
decomposed from the each data; and (a5-2) performing one of
operations of adding a value to and subtracting the value from
each element in a same column in the fourth matrix to obtain
the third matrix, wherein the third matrix has plural elements,
each of which are equal to or larger than zero after adding or
subtracting operations.
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[0018] The above objects and advantages of the present
invention will be more readily apparent to those ordinarily
skilled in the art after reading the details set forth in the
descriptions and drawings that follow, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1(a) is a schematic diagram illustrating an
apparatus for controlling a two-level multiphase voltage
source inverter in accordance with the firstembodiment of the
present invention;

[0020] FIG. 1(b) is a schematic diagram illustrating the
voltage source inverter in accordance with the first embodi-
ment of the present invention;

[0021] FIG. 1(c) is a schematic diagram showing four
phase voltages associated with the loading in accordance with
the first embodiment of the present invention,

[0022] FIG.2 aschematic diagram illustrating an apparatus
for controlling a multilevel multiphase voltage source
inverter in accordance with the second embodiment of the
present invention;

[0023] FIGS. 3(a) to 3(c) are schematic diagrams of a
2-level voltage-switching unit, a 3-level voltage-switching
unit and a multiple-level voltage-switching unit respectively,
according to the second embodiment of the present invention;
[0024] FIG. 3(d) is a schematic diagram of the 5-phase-
and-7-level switching unit according to the second embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0025] The present invention will now be desctibed more
specifically with reference to the following embodiments. It
is to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for the
purposes of illustration and description only; itis not intended
to be exhaustive or to be limited to the precise form disclosed.
[0026] Please refer to FIG. 1(a), which is a schematic dia-
gram showing an apparatus for controlling a two-level mul-
tiphase voltage source inverter in accordance with the first
embodiment of the present invention. The apparatus 9 for
controlling a voltage source inverter includes a signal-gener-
ating unit 91 and a converting unit 92. The signal-generating
unit 91 has a sorting unit 911, a subtracting unit 912 and a
re-assembly unit 913.

[0027] The signal generating unit 91 responds to an input
signal r to produce a switching strategy control signal u and a
duration timing control signal d corresponding to the switch-
ing strategy control signal u. The converting unit 92 responds
to the switching strategy control signal u and the duration
timing control signal d to produce a switching signal Scl.
According to FIG. 1(a), the switching signal Scl includes
Sla, S1b, S2a, S2b, . . . Sna and Snb.

[0028] Please refer to FIG. 1(b), which is a schematic dia-
gram of a two-level multiphase voltage source inverter in
accordance with the first embodiment of the present inven-
tion. The voltage source inverter 30 includes a first, a second,
a third, and a fourth inverters, 301, 302, 303 and 304, and
these inverters are coupled with each other. The number of
inverters in voltage source inverter 30 can be raised per
requirements. The first inverter 301 has a first p-type transis-
tor301a and a first n-type transistor 3015. The second inverter
302 has a second p-type transistor 302« and a second n-type
transistor 3025, The third inverter 303 has a third p-type
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transistor 303a and a third n-type transistor 3035. The fourth
inverter 304 has a fourth p-type transistor 304a and a fourth
n-type transistor 3045. The voltage source inverter 30
responds to the switching signal Scl to generate a mul-
tiphase-and-multilevel AC voltage output Vm, which com-
prises phase voltages V1, V2 . . . and Vn. Each of the phase
voltages, V1, V2 . .. and Vn, has a plurality of levels. In the
first embodiment, the first, the second, the third and the fourth
inverters, 301, 302, 303 and 304 generate the phase voltages,
V1, V2, V3 and V4, respectively. Two levels exist in each of
the phase voltages, V1, V2 . .. and Vn, according to the first
embodiment ofthe present invention for the purpose of giving
examples. An example of multiple levels will be introduced
later.

[0029] Inthe firstembodiment, the input signal ris obtained
by sampling a signal rc at a sampling period of T. The input
signal r is the phase voltage to be associated with the phase
voltage of a load (not shown). Assuming the input signal r has
been normalized, is a digital signal, and reR”, the input signal
ris used for generating plural data, denoted by a first vector
which represent the multi-phase voltages to be generated by
the voltage source inverter 30. The sorting unit 911 sorts the
first vector |1 to obtain a second vector Vu, and obtains a first
matrix Pm1, where Pm1eR™"”, based on the first and the
second vectors. The second vector Vu has a first element Vul
and a last element Vun. The first and the second vectors, pand
Vu, are shown as follows:

ul Vul

2 Vil
o= Vu=

M M

un Vun

where Vul>Vu2> ... >Vun

[0030] Thesubtracting unit 912 configured to obtain a third
vector i3 by preceding a first one of the sorted elements of the
second vector Vu by an element having a value of 1, and by
removing a last one of the sorted elements therefrom. The
subtracting unit 912 configured to obtain a fourth vector ti4 by
replacing a value of the first one of the sorted elements of the
second vector Vu with a difference between the first one and
the last one of the sorted elements of the second vector Vu.
The subtracting unit 912 configured to obtain a fifth vector 15
by subtracting the fourth vector (4 from the third vector 03.

1 Vul - Vun
Vul Vi
Us=3-a4=| vz |-| Vi
M M
Vup - 1) Vun

[0031] The second vector Vu is a product of the first matrix
Pm1 and the first vector .. Since the second vector Vu has
been sorted, referring to the first embodiment for instance,
locations of the sorted elements follow a decreasing order,
and the first vector p is known, the first matrix Pm1 can be
obtained.

[0032] There-assembling unit 913 obtains a second matrix
lrbased on a transposed matrix Pm17 of the first matrix Pm1
and a pre-defined matrix D. Values of the sorted elements of
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the second matrix i-are associated with the switching strat-
egy control signal u, and values of elements of the fourth
vector 04 are associated with the duration timing control
signal d. Preferablyi the second matrix uf:PmlT D, and the
pre-defined matrix D is an upper-triangular matrix:

0 1 1 1

~ 0 0 MM

D= =
MM 0 1
0 0 A O

[0033] The column vectors of the second matrix i, repre-
sents the switching strategy adopted by the apparatus 9 for
controlling a voltage source inverter during the sampling
period T. Values of elements of the fourth vector 04 are
associated with the duration timing control signal d. There-
fore, the apparatus 9 for controlling a voltage source inverter
of the present invention only needs the sorting unit 911,
subtracting unit 912 and reassembly unit 913 to implement
the control for multiple phases and multiple levels voltage
source inverters, is easy to expand, and does without compli-
cated calculations and massive memory space.

[0034] According to the first embodiment of the present
invention, referring to in FI1G. 1(¢) which schematics four
phase voltages associated with the loading, a four-phase AC
voltageis generated for instance. The ul, u2,u3 and v4 denote
the voltages sampled after the sampling period T, V1', V2", V3'
and V4', respectively. Assuming that the Vdd in FIG. 1. () is
3 volts and every 0.5 of the value indicates 1.5 volts, and the
values oful, u2, u3 and ud are 0.2, 0.3, -0.3 and -0.2 respec-
tively, the first vector:

-0.2
+0.3
-03
+0.2

[0035] The second vector Vu can be obtained by using the
sorting unit 911 to sort the first vector p:

+0.3

+0.2
Vu=

-0.2

-0.3

[0036] The first matrix Pm1 can be obtained based on the
formula Pm1*p=Vu:

-0.2 +0.3 0100

+0.3 +0.2 0001
Pml x = , therefore Pml =

-0.3 -0.2 1000

+0.2 -0.3 0010
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[0037] The fifth vector

+1 03+0.3 0.4

+0.3 +0.2 0.1
w=i3-i4= - =

+02 -0.2 0.4

-02 -03 0.1

[0038] The second matrix

0010701117 0001
Sfroool oo | for1
sl =t g0 1%le o0 17|00 00
o100 [0o0oo00] loo11

[0039] Thus, the first column vector of the second matrix

M=

o o o o

which indicates the output voltages of the invertors 301, 302,
303 and 304 are all zeros during a time period of 0.4 T.
[0040] The second column vector of the second matrix

My =

which indicates the output voltage of the second inverter is 3
volts while that of the invertors 301, 303 and 304 are all zeros,
during a time period of 0.1 T.

[0041] The third column vector of the second matrix

M=

= =]

which indicates the output voltage of the inverters 302 and
304 are 3 volts while that of the invertors 301 and 303 are
zero, during a time period of 0.4 T. Output voltages and
duration of the other invertors can be derived by the same
method.

[0042] Again, referring to FIG. 1(5), the first row vector of
the second matrix i is associated with the switching strategy
for controlling the first inverter 301. The first and the second
elements of the first row vector [0001] are zero, which indi-
cates the method of controlling the voltage source inverter 30
is: the switching signal S1a to instruct the first p-type trans-
ducer 3014 opened, while the switching signal S15 to instruct
the first n-type transducer 3014 conducted. The duration peri-
ods corresponding to the first, second, third and fourth ele-
ments of the first row vectorare 0.4 T,0.1 T,0.4 Tand 0.1 T.
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The relation between each switching status and the line volt-
ages V12, V23 and V31 are shown as the following table:

el
©

. V12 V23 V31 30la 301b 302a 302b 3032 303b

Off On Off On Off On
On  Off Off On Off On
On  Off On Ooff Off On
On On Off Off On
Ooff On On off On Off
Off On Off On On Off
On  Off Off On On Off
On  Off On Off On Off

[ I e R N T
|

[ R e e =)

O == O == OO

OO = OO
3

[0043] The voltage source inverter 30 in the first embodi-
ment can work with two DC voltage level Vdd and 0 only, to
generate AC current. The embodiments set forth below
includes examples of providing plural voltage levels and deal-
ing with the input signal r having at least a value which is not
a decimal fraction.

[0044] Please refer to FIG. 2, which schematics an appara-
tus for controlling a voltage source inverter in accordance
with a second embodiment of the present invention. The
apparatus 40 for controlling a voltage source inverter includes
a signal-generating unit 401 and a converter 402. The signal-
generating unit 401 includes a decomposition unit 4010, a
sorting unit 4011, a subtracting unit 4012, a reassembly unit
4013, and a translation unit 4014. The main difference
between the first and the second embodiments is that the
decomposition unit 4010 is able to decompose the input sig-
nal r and produce a plurality of integers ri and decimal frac-
tions rf. The method is described in the following paragraphs.
[0045] The decomposition unit 4010 receives a digital
input signal r, and generates a plurality of data based on the
input signal r. The plurality of data represent multiple phases
ofthe AC voltage output to be generated by the voltage source
inverter. The decomposition unit 4010 decomposes each of
the plurality of data into an integer ii and a decimal fraction rf
ranging between 1 and -1. The sorting unit 4011 obtains a
first vector p having plural elements based on the decimal
fraction ri of the each data, sorts the elements of the first
vector L to obtain a second vector Vu having plural sorted
elements, and obtains a first matrix Pm1 based on the first and
the second vectors [t and Vir. Similar to the first embodiment,
a third vector (3 and a fourth vector (4 can be obtained based
on the second vector Vu, and a fifth vector 05 is obtained by
subtracting the fourth vector (14 from the third vector G3. One
preferred embodiment for obtaining the vectors U4 and G5 is
the same with that of the first embodiment. Values of elements
of the fifth vector 05 are associated with an input period of the
duration timing control signal d.

[0046] The re-assembling unit 4013 obtains a second
matrix . based on a transposed matrix Pm17 of the first
matrix Pm1 and a pre-defined matrix D. Preferably, the sec-
ond matrix . is a product of the transposed matrix Pm17 and
the pre-defined matrix D. The reassembly unit 4013 obtains a
third matrix Pm3 by performing an addition and a translation
operation to the second matrix . Values of elements of the
third matrix Pm3 are associated with the switching strategy
control signal u.

[0047] The third matrix Pm3 is obtained, for example,
based on the following method: The reassembly unit 4013
obtains a fourth matrix Pm4 by performing either adding or
subtracting a value from each element in a same column in the
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second matrix jL-to obtain the third matrix, wherein the third
matrix has plural elements, each of which has one of values no
less than zero after one of the adding and subtracting opera-
tions.

[0048] Pmd=uf+ri, Pm3=Pmd+c, where ¢ is the value
added in or subtracted from each element in the same element
in the second matrix j-when obtaining the third matrix.
[0049] Please refer to FIGS. 3(a) to 3(c), which are the
schematic diagrams of a 2-level voltage-switching unit, a
3-level voltage-switching unit and a multiple-level voltage-
switching unit respectively, according to the second embodi-
ment of the present invention. In the illustrations of FIG. 3(a),
the output voltage Vd can be either switched to DC voltage
Vdc or zero. In FIG. 3(b). the output voltage Vd can be
switched to DC voltage Vdc, a double DC voltage of Vdc or
zero. In the illustrations of FIG. 3(¢), the output voltage Vd
can be switched to one selected from the group consisted of
zero, DC voltage Vde, a double DC voltage of Vdc, . . ., ora
n-1 times of Vdc, where n is an integral.

[0050] Noted that the switching signal Sc2 in FIG. 2
includes switching signals S1,S2, S3 .. . and Sn. The switch-
ing signal Sc2 is generated based on the third matrix Pm3 and
an input period of the duration time control signal d. The
switching signal Sc2 can be used to control the voltage to be
output from voltage switching units having 2, 3 or multiple
levels.

[0051] According to the second embodiment of the present
invention, assuming the plurality of values r are 0.85, 2.29,
0.57,-1.94, -1.77, the respective integer ri are 1,2, 1, -2, -2,
and the respective decimal fraction rf are -0.15, 0.29, -0.43,
0.06 and 0.23. Thus the first vector:

-0.15
+0.29
u=|-043
+0.06
+023

[0052] The second vector can be obtained by the sorting
unit 4011:

+0.29
+0.23
Vu=|+0.06
-0.15
-0.43

[0053] Likewise, the first matrix can be obtained.

-0.15 +0.29 01000
+0.29 +0.23 00001
Pmlx|-043|=]|+006 |, thus Pml={0 0 0 1 0
+0.06 -0.135 10000
+0.23 -043 00100
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[0054] The fifth vector:
+1 +0.72 +0.28
+0.29 +0.23 +0.06
#5=13 -4 =| +0.23 || +0.06 | = | +0.17
+0.06 -0.15 +0.21
-0.15 -0.43 +0.28
[0055] The second matrix:
00001
01111
up=PL,D=[00 00O
00011
00111
[0056] The fourth matrix:
+1 00001 11 1 1 2
+2 01111 2 3 3 3 3
Prdzp+pr=|+l|+[0 000 0[=|1 L 1 1 1
-2 00011 -2 -2 -2 -1 -1
-2 00111 -2 =2 -1 -1 -1
[0057] The third matrix Pm3=Pmd+¢
[0058] Where
22211 33323
22211 45544
c=(222 1 l|andPm3={3 3 3 22
22211 00000
22211 00100

[0059] Please refer to FIG. 3(d), which is a schematic dia-
gram ofa 5-phase-and-7-level switching unit according to the
second embodiment of the present invention. The 5-phase-
and-7-level switching unit 50 includes switching units 501,
502, 503, 504 and 505, outputting output voltages Vd1, Vd2,
Vd3, Vd4 and Vd5 respectively. There are seven voltage
levels for the phase voltage output of each of the switching
unit, -3V, =2V, -1V, 0V, 1V, 2V and 3V, which are denoted by
the value of 0, 1, 2,3, 4, 5, and 6 respectively. The converting
unit 402 uses the switching signals, S1 to S5, to control each
of the switching units, 501 to 505, to be switched to one of the
seven voltage levels respectively. Thus, the first column vec-
tor of the third matrix

O D W bW

represents the switching signal s1 controls the switching unit
501 and let the switching unit 501 switch to 0 volt and remains
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ata time period of0.28 T. The switching signal s2 controls the
switching unit 502 and let the switching unit 502 switch to 1
volt and remains at a time period of 0.28 T. The switching
signal s3 controls the switching unit 503 and let the switching
unit 503 switch to 0 volt and remains at a time period of 0.28
T. The switching signal s4 controls the switching unit 504 and
let the switching unit 504 switch to -3 volt and remains at a
time period of 0.28 T. The switching signal s5 controls the
switching unit 503 and let the switching unit 505 switch to -3
volt and remains at a time period of 0.28 T.

[0060] The second column vector of the third matrix

(=T Y )

represents the switching signal s1 controls the switching unit
501 and let the switching unit 501 switch to 0 volt and remains
ata time period 0f0.06 T. The switching signal s2 controls the
switching unit 502 and let the switching unit 502 switch to 2
volts and remains at a time period of 0.06 T. The switching
signal s3 controls the switching unit 503 and let the switching
unit 503 switch to O volt and remains at a time period of 0.06
T. The switching signal s4 controls the switching unit 504 and
let the switching unit 504 switch to -3 volt and remains at a
time period of 0.06 T. The switching signal s5 controls the
switching unit 505 and let the switching unit 505 switch to -3
volt and remains at a time period of 0.06 T. Likewise, the
switched voltage and the duration period can be determined.
[0061] Based on the above, the present invention provides a
simple strategy for generating switching signals of multi-
phase-and-multi-level voltage source inverters, which is not
limited to the types of the input signal or the loading. For
arbitrary number of phases of voltage source inverter, the
present invention is able to simultaneously generate a switch-
ing signal for each of the switches in the system, and allows
the average voltage responding to the loading equal to the
input voltage. While the invention has been described in terms
of what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the inven-
tion needs not be limited to the disclosed embodiments. On
the contrary, it is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims that are to be accorded with the broadest
interpretation so as to encormpass all such modifications and
similar structures.

What is claimed is:

1. An apparatus for controlling a voltage source inverter,

comprising:

a signal-generating unit responding to an input signal to
produce a switching strategy control signal and a dura-
tion timing control signal corresponding to the switch-
ing strategy control signal; and

a converting unit responding to the switching strategy con-
trol signal and the duration timing control signal to pro-
duce a switching signal, wherein the voltage source
inverter responds to the switching signal to generate a
multiphase-and-multilevel AC voltage output.
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2. An apparatus as claimed in claim 1, wherein the signal-
generating unit comprises:
a sorting unit receiving the input signal being a digital
signal, and generating a plurality of data by using the
input signal, wherein the plurality of data represent mul-
tiple phases of the AC voltage output to be generated by
the voltage source inverter and are denoted by a first
vector having plural elements, and the sorting unit sorts
the plural elements of the first vector to obtain a second
vector having plural sorted elements and obtains a first
matrix based on the first and the second vectors;
a subtracting unit configured to:
obtaina third vector by preceding a first one of the sorted
elements of the second vector by an element having a
value of 1, and by removing a last one of the sorted
elements therefrom;

obtaina fourth vector by replacing a value of the first one
of the sorted elements of the second vector with a
difference between the first one and the last one of the
sorted elements of the second vector; and

obtaina fifth vector by subtracting the fourth vector from
the third vector; and

a re-assembling unit obtaining a second matrix based on a
transposed matrix of the first matrix and a pre-defined
matrix, wherein values of the sorted elements of the
second matrix are associated with the switching strategy
control signal, and values of elements of the fifth vector
are associated with the duration timing control signal.

3. An apparatus as claimed in claim 2, wherein the second
vector is a product of the first matrix and the first vector.

4. An apparatus as claimed in claim 2, wherein the pre-
defined matrix is an upper-triangular matrix.

5. An apparatus as claimed in claim 2, further comprising a
S-phase and 7-level switching unit including:

a first switching unit outputting a first phase voltage output;

a second switching unit outputting a second phase voltage
output;

a third switching unit outputting a third phase voltage
output;

a fourth switching unit outputting a fourth phase voltage
output; and

a fifth switching unit outputting a fifth phase voltage out-
put, wherein each of the phase voltage outputs has a
respective one of seven voltage levels.

6. An apparatus as claimed in claim 5, wherein the convert-
ing unit uses the switching signal to control each of the
switching units to be switched to a respective one of the seven
voltage levels.

7. An apparatus as claimed in claim 1, wherein the signal-
generating unit comprises:

a decomposition unit receiving the input signal being a
digital signal, and generating a plurality of data by using
the input signal, wherein the plurality of data represent
multiple phases of the AC voltage output to be generated
by the voltage source inverter, and the decomposition
unit decomposes each of the plurality of data into an
integer and a decimal fraction ranging between 1 and -1;

a sorting unit obtaining a first vector having plural elements
based on the decimal fraction of the each data, sorting
the elements of the first vector to obtain a second vector
having plural sorted elements, and obtaining a first
matrix based on the first and the second vectors;
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a subtracting unit configured to:

obtain a third vector by preceding the first one of the
sorted elements of the second vector by an element
having a value of 1, and by removing the last one of
the sorted elements therefrom;

obtain a fourth vector by replacing a value ofthe first one
of the sorted elements of the second vector with a
difference between the first one and the last one of the
sorted elements of the second vector; and

obtain a fifth vector by subtracting the fourth vector from
the third vector; and

a re-assembling unit obtaining a second matrix based on a
transposed matrix of the first matrix and a pre-defined
matrix, and obtaining a third matrix by performing an
addition and a translation operations to the second
matrix, wherein values of elements of the third matrix
are associated with the switching strategy control signal,
and those of the fifth vector are associated with the
duration timing control signal.

8. An apparatus as claimed in claim 7, wherein the second
vector is a product of the first matrix and the first vector.

9. An apparatus as claimed in claim 7, wherein the pre-
defined matrix is an upper-triangular matrix.

10. An apparatus as claimed in claim 7, further comprising
a 5-phase and 7-level switching unit, including:

a first switching unit outputting a first phase voltage output;

a second switching unit outputting a second phase voltage
output;

a third switching unit outputting a third phase voltage
output;

a fourth switching unit outputting a fourth phase voltage
output; and

a fifth switching unit outputting a fifth phase voltage out-
put, wherein each of the phase voltage outputs has a
respective one of seven voltage levels, and the convert-
ing unit uses the switching signal to control each of the
switching units to be switched to one of the seven volt-
age levels respectively.

11. An apparatus for controlling a voltage source inverter,

comprising:

a means for receiving an input signal, and generating a
switching strategy control signal and a duration timing
control signal corresponding to the switching strategy
control signal in response to the input signal; and

ameans for generating a switching signal in response to the
switching strategy control signal and the duration timing
control signal, and controlling the voltage source
inverter to generate a multiphase and multilevel voltage
output in response to the switching signal.

12. A method for controlling a voltage source inverter, the
method comprising steps of:

(a) generating a switching strategy control signal and a
duration timing control signal corresponding to the
switching strategy control signal in response to an input
signal; and

(b) generating a switching signal in response to the switch-
ing strategy control signal and the duration timing con-
trol signal, and controlling the voltage source inverter to
generate a multiphase-and-multilevel voltage output in
response to the switching signal.
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13. A method as claimed in claim 12, wherein the step (a)
further includes sub-steps of:

(al) using the input signal, which is a digital signal, to
generate a plurality of data forming a first vector, and
sorting the plurality of data to obtain a second vector,

(a2) obtaining two vectors based on the second vector, and
subtracting one from the other of the two vectors to
obtain a third vector denoting an input period of the
duration timing control signal; and

(a3) obtaining a first matrix, wherein the second vector is a
product of the first matrix and the first vector, and obtain-
ing a second matrix by multiplying a transposed matrix
of the first matrix with a pre-defined matrix.

14. A method as claimed in ¢laim 13, wherein the second
matrix is associated with the switching strategy control sig-
nal.

15. A method as claimed in claim 13, wherein the step (a)
further includes a sub-step of (a4) generating the switching
signal based on the switching strategy control signal and the
input period of the duration timing control signal.

16. A method as claimed in claim 13, wherein the step (a2)
further includes sub-steps of

obtaining a fourth vector by preceding a first element of the
second vector by an element having a value of 1, and by
removing the last element of the second vector there-
from;

obtaining a fifth vector by replacing the first element of the
second vector with a difference between the first and the
last elements of the second vector; and

obtaining the third vector by subtracting the fifth vector
from the fourth vector.

17. A method as claimed in claim 12, wherein the step (a)

further includes sub-steps of:

(al) using the input signal being a digital signal to generate
aplurality of data, and decomposing each of the plurality
of data into an integer and a decimal fraction ranging
between 1 and -1;

(a2) obtaining a first vector having plural elements based
on the decimal fractions of the each data, and sorting the
plural elements of the first vector to obtain a second
vector;

(a3) obtaining two vectors based on the second vector, and
subtracting one from the other of the two vectors to
obtain a third vector denoting an input period of the
duration timing control signal;

(a4) obtaining a first matrix, wherein the second vector is a
product of the first matrix and the first vector, and obtain-
ing a second matrix by multiplying a transposed matrix
of the first matrix with a pre-defined matrix; and

(a5) obtaining a third matrix by performing an addition and
a translation operations to the second matrix.

18. A method as claimed in claim 17, wherein the step (a)
further includes a sub-step of (a6) generating the switching
signal based on the third matrix and the input period of the
duration timing control signal, and the third matrix is associ-
ated with the switching strategy control signal.

19. A method as claimed in claim 17, wherein the step (a3)
further includes sub-steps of:

obtaining a fourth vector by preceding a first element of the
second vector by an element having a value of 1, and by
removing the last element of the second vector there-
from;
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obtaining a fifth vector by replacing the first element of the
second vector with a difference between the first and the
last elements of the second vector; and

obtaining the third vector by subtracting the fifth vector
from the fourth vector.

20. A method as claimed in claim 17, wherein the step (a5)

further includes sub-steps of:

obtaining a fourth matrix by adding a corresponding inte-

ger of the each data into the respective each element of
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the second matrix, wherein the corresponding integer is

decomposed from the each data; and
performing one of operations of adding a value to and sub-
tracting the value from each element in a same column in the
fourth matrix to obtain the third matrix, wherein the third
matrix has plural elements, each of which has values equal to
or larger than zero after one of the adding and subtracting
operations.



