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(57) Abstract: An automatic control device (1) that comprises input means (21, 24) for inputting measured values (7) of cyclic

1) voltage and/or current; computing means (21) for computing a parameter based on said values of voltage and/or current, and for
& comparing the computed parameter against a predefined condition; and initiating means (21, 23) for initiating a control function in
& response to the parameter meeting the predefined condition. The input means (21, 24) of the control device are arranged to input a
o predefined number of samples per one cycle; and said computing means (21) are arranged to compute the parameter with a discrete

e
=

Fourier transform algorithm optimized based on fixed coefficients related to said predefined number of samples per cycle. The
control device and the corresponding control method provide a significantly faster response time than the earlier general programmed
solutions without increasing the related costs as much as the conventional digital signal processors.
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CONTROL DEVICE OPTIMIZING COMPUTING INPUT SAMPLE OF
WATA WITH DISCRETE FOURIER TRANSFORM ALGORITHM

FIELD OF THE INVENTION

The present invention relates to automatic pontrol methods, and
more particularly to a method for automatic controlling and an automatic con-
trol device.

BACKGROUND OF THE INVENTION

Control devices exercise a restraining or directing influence over a
controllable device. During its operation an automatic control device typically
receives one or more input parameters and in response to the received input
parameters outputs one or more control functions. Control functions are further
input to a controllable device and they bring about an effect on the operation of
the controllable device. One control device may control several controllable
devices and one controllable device may be controlled by one or more control
devices. The input parameters of the control device may originate from a proc-
ess of which the controllable device is a part, or they may be fed into the con-
trol process from outside, for example as control commands or as output pa-
rameters from another process.

In automatic control devices the input parameters are typically de-
rived from a series of sémpled data. The document NUMERICAL RECIPES IN
C: THE ART OF SCIENTIFIC COMPUTING (ISBN 0-521-43108-5) copyright ©
1988-1992 by Cambridge University Press, pp. 496-510, provides the basic
principles of Fast Fourier Transform and the referred pages are incorporated
herein by reference. r

The computation is based on the perception that a physical process
can be described in the time domain by the values of some quantity h as a
function of time £, or in the frequency domain where the process is specified by
giving its amplitude H as a function of frequency f. These two representations
can be related to another by means of the Fourier transform equations:

H(f) = /_ : h(t)e*™ift gt )

)= [ B

In the most typical situations, function h(t) is sampled at evenly
spaced intervals in time, so that the sequence of n sampled values hj, is
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hn=h(nd) n=...,-3,-2,-1,0,1,2,3,... )

where A is the sampling rate. The integral of equation (1) can be approximated
by a discrete sum

00 N-1 i N-1 )
H(fn) — h(t)ez'rrifntdt ~ Z h e2Tifnts A = A Z hie ekam/N (3)
—o° k=0"" k=0
whereby
H(fn) ~ AHp (4)
when
N-1 -
' H, = Z hi g2nikn/N (5)
k=0

In practical solutions the computing related to Discrete Fourier
Transform is significantly reduced by utilising Fast Fourier Transform (FFT)
algorithm. In the first section of FFT, the data is first sorted into bit-reversed
order. The second section of FFT has an outer loop that is executed log>N
times and calculates, in turn, transform of length 2, 4, ..., N. For each stage of
the process the two nested inner loops range over the sub-transforms already
computed and the elements of each transform, implementing the Danielson-
Lanczos Lemma. This variant of the FFT is called a decimation-in-time or Coo-
ley-Tukey FFT algorithm. The decimation-in-frequency (Sande-Tukey) FFT
algorithm first goes through a set of logzN iterations on the input data, and then
rearranges the output values into bit-reverse order.

In another class of FFT variants the initial data set of N is sub-
divided down to some small power of 2, for example N=4 (base-4 FFT) or N=8
(base-8 FFT). These small transforms are done by small sections of optimized
coding that utilize special symmetries of the particular N. Assuming, for exam-
ple, that N=4, leads to the trigonometric sines and cosines being 0, +1 or -1,
which by far eliminates multiplications, and leaves additions and subtractions.
Base-4 or base-8 FFTs have been considered to decrease the computing of
the order to 20 to 30 percent.

One example of automatic control devices is an electric protection
device. The general purpose of electric protection devices is to prevent or limit



10

15

20

25

30

35

WO 2005/071503 PCT/F12005/000046

damage to the protecied device or to protect service of the protected device
from interruption. In electric circuits the current flows are rapidly varied and the
power may surge instantaneously. Therefore the power feed of an electrically
driven device is always provided with one or more protection functions that are
capable of isolating the device from harmful electrical transients from the
power feed. In more elementary devices the protection devices are typically
relay arrangements that are triggered when present current or voltage levels
exceed a pre-determined threshold. In more complex systems the current and
voltage levels are rigorously monitored and protection functions responsive to
various parameters acquired through monitoring are utilized to safeguard the
system from harmful effects in the power system.

In general electrical devices are designed to function with sinusoidal
voltage, and for accurate functionality highly developed systems also require a
faultless voltage to function correctly. One of the main harmful effects deterio-
rating the quality of electricity in the power systems are the harmonics. Har-
monics are divided into different components by their properties (ranking num-
ber). The component class shows the rotational direction of the phase phasor
of the harmonic with respect to the fundamental frequency.

When the curve form of the voltage or of the current deviates from
the sinusoidal, it can be considered formed of several sinusoidal signals of dif-
ferent frequency. The function is typically broken down into its components by
using the above Fourier analysis, on which the mathematical treatment of har-
monics is based.

In complex protection devices the method of determining a protec-
tion function based on said input parameters generally comprises balancing
between the expenses of the device and the response time from receiving the
input parameters to outputting the determined protection function. In known
protection devices a digital signal processor (DSP) is considered the most
powerful tool for handling defined input signals and for determining a protec-
tion function thereupon. However, the component costs related to digital signal
processors are considerable, and in a complex system the costs due to the .
number of digital signal processors need to be optimised.

On the other hand, the embedded systems facilitate parallel usage
of a variety of programmable algorithms. A number of variable algorithms are
available and component costs are not directly increased with the number of
operable protection functions. However, going through the number of calcula-
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tions takes time and the accumulated response times become longer than
what is actually required in order to implement the protection functions appro-
priately. There are a number of cases where the acceptable response times
are only slightly exceeded, but for reliability reasons the costly DSP very often
end up being preferred over the programmable algorithms.

Consequently, one of the disadvantages associated with the known
electric protection devices is that the available means for determining protec-
tion functions in response to various input values do not facilitate adequate
optimization that takes into consideration both the technical and economical
factors related to operable protection functions.

BRIEF DESCRIPTION [DISCLOSURE] OF THE INVENTION

An object of the present invention is thus to provide a method and
an apparatus for implementing the method so as to alleviate the above disad-
vantage. The objects of the invention are achieved by a method and a control
device which are characterized by what is stated in the independent claims.
The preferred embodiments of the invention are disclosed in the dependent
claims.

The invention is based on the idea of appropriately fixing the num-
ber of sampled current and/or voltage data and optimizing the discrete Fourier
transform algorithm based on operations on the fixed coefficients.

An advantage of the method and arrangement of the invention is
that it provides significantly shorter response time than the earlier general pro-
grammed solutions without increasing the related costs as much as the con-
ventional digital signal processors, and therefore enables more flexible optimi-
zation between technical and economical factors in an electric protection de-
vice.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 is a block chart illustrating the operating environment of a
control device according to the present invention;

Figure 2 illustrates schematically the basic functional structure of a
control device 1 according to the first embodiment of the present invention il-
lustrated in Figure 1;
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Figure 3 is a flow chart illustrating a method of automatic contro! ac-
cording to the present invention;
Figure 4 illustrates another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

As an embodiment of a control device according to the present in-
vention, the invention is described in the following by means of an electric pro-
tection device of an electric motor. Naturally, it is obvious to a person skilled in
the art that said solution is applicable to any control device arranged to monitor
the quality of power supply on a basis of series of measured values of current
and/or voltage, and on the basis of the measured values to implement a con-
trol function to control the operation of a device connected to said power sup-
ply.

Figure 1 is a block chart illustrating the operating environment of a
control device according fo the present invention. The control device 1 is con-
nected to an electric line 2 feeding an electrically operated device 3, whose
purpose is to perform an operation functionality F(x) 4. The operation function-
ality 4 may be a continuous operation that is continuously controlled by control
function f(x) 5 input through a control input 6, or the operation functionality 4
may be a step function triggered by sequential control functions f(x) 5 input
through said control input 6, or a combination of both. It should be noted that
only essential elements for illustrating the bperating environment of the control

“device according to the invention are shown in Figure 1. For a person skilled in

the art it is clear, for example, that a.complex system typically comprises a plu-
rality of inputs and outputs like the one shown in Figure 1.

During its operation the control device 1 typically receives input data
(x) 7 and in response to the received data 7 outputs one or more control func-
tions f(x) 5. The input data 7 that is input to the control device 1 may originate
from a process of which the controllable device 3 is a part, or it may be fed into
the control process from outside, for example as control commands or as pa-
rameters output from another process. In this first embodiment the input data x
7 comprises sequentially measured values of current in a power feed of an
electric motor, hereinafter called as sampled current values.

In computing the basic algorithm of a discrete Fourier transformation
can be expressed as:
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void dft(double *x, double *re, double *im, int N) {

intk, n;
double a;

for (k=0; k <N; k++) {
re[k] =0;
im[k] = 0;
for(m=0; n <N; nt++) {
a=k*n*PI2/N;
re[k] +=x[n] * cos(a);
im[k] -= x[n] * sin(a);
}
}
}

where
x=sampled data
re= real values of transformation
im=imaginary values of transformation
N=number of samples
Pl12=2*pi

PCT/F12005/000046

The current levels of the power feed are measured sequentially and
the measured values are arranged into an array of N samples. The sample
rate R is adjusted to the nominal frequency f of the power feed so that R=fN.
In this first embodiment of the present invention the number of samples is ad-
justed to 32, and with the nominal frequency of 50 Hz, the sample rate is 1,6

kHz.

By adjusting the number of samples N to a value in power of 2, the
sine and cosine functions have a corresponding range of N/4 possible non-
zero absolute values. In this first embodiment of the present invention the
sample rate of 32 leads to eight different non-zero values for the sine and co-

sine functions.
r[0] = cos(1 * pi/ 16)
rf1] =cos(2 * pi/ 16)
r[2] = cos(3 * pi/ 16)
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In increasing computing speeds integer values are typically pre-
ferred, and therefore computed values can be scaled into an integer form with
a fast shift-operation. In this first embodiment the sine and cosine functions are
scaled into integer form using factor 2'* (16384), whereby an array of

r[0] =cos(l * pi/ 16) * 16384

r[1]=cos(2 * pi/ 16) * 16384

r[2]=cos(3 * pi/ 16) * 16384

r[7] = cos(7 * pi/16) * 16384

is formed. Thereafter the basic algorithm is optimized on the basis
of comprehensive consideration of the coefficients r. Said optimization com-
prises eliminating the time-consuming calculations for the trigonometric func-
tions, where the operations comprising multiplication by zero are discarded,
and multiplications by -1 or +1 are eliminated by merely changing or retaining
the sign of the sampled values. Said optimization preferably comprises also
locating individual equations including a common factor r and consolidating the
equations into multiplication by combined sums. The rows of the basic algo-
rithm are optimally reduced and consolidated to the extent that identical opera-
tions need to be performed only once.

In this first embodiment of the present invention the optimized Fou-
rier transformation of the array of 32 x-values can be expressed in C language
format as:

#define SHIFT 14

void ft32(int *x)
{

unsigned char i, j;
int k[ 7] = {16069, 15137, 13623, 11585, 9102, 6270, 3196},
int a[ 16], b[16], c[8], d[8], e[8], f[8], &[57];

for(i = 0;1<16; it++)
{

j=1i+16;

a[i] = x[i] +x[j];
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b[i] = x[i] - x[j;
}
c[0] = a[0] + a[8];
d[0] = a[0] - a[8];
for((i=1;i<8;itt)
{

j=16-1;

c[i] = a[i] +a[j];

d[i] = a[i] - a[j];

e[i] = b[i] + blj];

ffi] = bli] - bljl;
3
g[0] = c[0] + c[4];
g[1] = c[2] + c[6];
g[2] = c[1] + ¢[3] + ¢[5] + ¢[7];
g[3] =k[0] * f]1] >> SHIFT;
g[4] =Kk[0] * e[7] >> SHIFT;
g[5] = k[0] * f]5] >> SHIFT;
g[6] =k[0] * e[3] >> SHIFT;
g[7] =Kk{[0] * £f[3] >> SHIFT;
g[8] =k[0] * e[5] >> SHIFT;
g[9] = k[0] * f]7] >> SHIFT;
g[10] = k[0] * e[1] >> SHIFT;
g[11] =k[1] * {f[2] >> SHIFT;
g[12] = k[1] * e[6] >> SHIFT;
g[13]1=Kk[1] * f[6] >> SHIFT;
g[14] =k[1] * e[2] >> SHIFT;

g[15] =k[1] * (c[1] - ¢[7]) >> SHIFT;
e[16] =Kk[1] * (d[3] + d[5]) >> SHIFT;
g[17] =k[1] * (c[3] - ¢[5]) >> SHIFT;
e[18] = k[1] * (d[1] + d[7]) >> SHIFT;

g[19] =k[2] * {[3] >> SHIFT;
g[20] =k[2] * e[5] >> SHIFT;
g[21] =k[2] * f[1] >> SHIFT;
g22] = k[2] * e[7] >> SHIFT;
g[23] =Kk[2] * {f[7] >> SHIFT;

PCT/F12005/000046
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g[24] = K[2] * e[1] >> SHIFT;

g[25] = k[2] * f[5] >> SHIFT;

g[26] = K[2] * e[3] >> SHIFT;

e[27] = k[3] * f[4] >> SHIFT;

g[28] = k[3] * e[4] >> SHIFT;

2291 = K[3] * (c[2] - c[6]) >> SHIFT;
g[30] = K[3] * (d[2] + d[6]) >> SHIFT;
g[31] = K[3] * (¢[1] - ¢[3] - ¢[5] + ¢[7]) >> SHIFT;
e[32] = k[3] * (d[1] +d[3] - d[5] - d[7]) >> SHIFT;
o[33] = k[4] * f[5] >> SHIFT;

g[34] = k[4] * €[3] >> SHIFT;

g[35] = k[4] * f[7] >> SHIFT;

g[36] = k[4] * e[1] >> SHIFT;

g[37] = k[4] * f[1]>> SHIFT;

g[38] = k[4] * e[7] >> SHIFT;

g[39] = k[4] * f[3] >> SHIFT;

2401 = k[4] * e[5] >> SHIFT;

g[41] = k[5] * f[6] >> SHIFT;

g[42] = k[5] * e[2] >> SHIFT;

g[43] = k[5] * fl2] >> SHIFT;

g[44] = K[5] * [6] >> SHIFT;

g[451 = k[5] * (c[3] - ¢[5]) >> SHIFT;
o[46] = k[5] * (d[1] + d[7]) >> SHIFT;
g[47] = k[5] * (c[1] - c[7]) >> SHIFT;
g[48] = k[5] * (d[3] + d[5]) >> SHIFT;
g[49] = k[6] * f7] >> SHIFT;

g[50] = k[6] * e[1] >> SHIFT;

g[51]= k[6] * f[3] >> SHIFT;

g[52] = k[6] * e[5] >> SHIFT;

g[53]= k[6] * f]5] >> SHIFT;

g[54] = k[6] * e[3] >> SHIFT;

g[55]= k[6] * f1] >> SHIFT;

g[56]= k[6] * e[7] >> SHIFT;

x[0] = g[0] + g[1] + g[2];
x[1] = O;
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x[2] =b[0] + g[3] + g[11] + g[19] + g[27] + g[33] + g[41] + g[49];
x[3] = -b[8] - g[50] - g[42] - g[34] - g[28] - g[20] - g[12] - g[4];
x[4] = d[0] + g[15] + g[29] + g[45];

x[5] = -d[4] - g[46] - g[30] - g[16];

x[6] = b[0] + g[21] + g[43] - g[51] - g[27] - g[5] - g[13] - g[35];
x[7] =b[8] - g[36] - g[14] - g[6] - g[28] - g[52] + g[44] + g[22];
x[8] = c[0] - c[4] + g[31];

x[9] = d[6] - d[2] - g[32];

x[10] = b[0] + g[37] - g[43] - g[7] - g[27] + g[53] + g[13] + g[23];
x[11] = g[8] - b[8] - g[24] - g[14] - g[54] + g[28] + g[44] - g[38];
x[12] = d[0] + g[47] - g[29] - g[17];

x[13] =d[4] - g[18] - g[30] + g[48];

x[14] =b[0] + g[55] - g[11] - g[39] + g[27] + g[25] - g[41] - g[9];
x[15] =b[8] - g[10] - g[42] + g[26] + g[28] - g[40] - g[12] + g[56];
x[16] = g[0] - g[1];

-x[171=4d[3] - d[1] - d[5] +d[7];

x[18] =b[0] - g[55] - g[11] + g[39] + g[27] - g[25] - g[41] + g[9];
x[19] = g[12] - b[8] - g[10] + g[42] + g[26] - g[28] - g[40] + g[56];
x[20] = d[0] - g[47] - g[29] + g[17];

x[21] = g[48] - d[4] - g[18] + g[30];

x[22] = b[0] - g[37] - g[43] + g[7] - g[27] - g[53] + g[13] - g[23];
X[23] =b[8] - g[24] + g[14] - g[54] - g[28] + g[8] - g[44] - g[38];
x[24] = c[0] - ¢[4] - g[31];

x[25] = d[2] - d[6] - g[32];

x[26] = b[0] - g[21] + g[43] + g[51] - g[27] + g[5] - g[13] + g[35];
xX[27] = g[14] - b[8] - g[36] - g[6] + g[28] - g[52] - g[44] + g[22];
x[28] = d[0] - g[15] + g[29] - g[45];

x[29] = d[4] - g[46] + g[30] - g[16];

x[30] =b[0] - g[3] + g[11] - g[19] + g[27] - g[33] + g[41] - g[49];
xX[31] =b[8] - g[50] + g[42] - g[34] + g[28] - g[20] + g[12] - g[4];
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The embodiment shows further that the results of the optimized
Fourier transformation are stored into the original array of x-values as follows:

x[0] = Igre (DC) x[1] = Ipim (=0)
xX[2] = Lire x[3] = Ljim
x[4] = Lre x[5] = Lhim
X[30] = 1151’6 X[3 1] = Ilsim

thereby comprising the DC-component and real and imaginary values of 15
harmonic components. This optimizes the use of memory, because no new
arrays need to be created to store the real and imaginary values of the har-
monic components. Furthermore, the choice of using 32 samples per cycle has
been detected to be an optimal choice because this way it provides reasonable
accuracy in computation of up to 15 harmonic components with reasonable
amount of computable samples.

The real values of harmonic components l47...131 are equal to the
real values of harmonic components l4s...14, correspondingly, and the imagi-
nary values of harmonic components l47...131 are opposite to the imaginary val-
ues of harmonic components lys...14, correspondingly, whereby the absolute
values of harmonic components ly7...131 are equal to the absolute values of
harmonic components l¢s...14, correspondingly. For further optimization, calcu-
lation of real and imaginary values of harmonic components l47...131 of the ba-
sic algorithm can therefore be omitted.

With the above optimized algorithm the computation of the harmonic
components is significantly faster and causes considerably less load to the
processor. In the above description the calculation of real and imaginary val-
ues of harmonic components of current are shown, but the same algorithm can
be applied to the measured values of voltage as well. The computed real and
imaginary values of harmonic components of current and voltage can be used
to calculate a variety of important parameters to which the control functions of
the control device may be made responsive. In this embodiment of the present
invention the root-mean-square current can be calculated from the computed
values by
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I,re* + Iim*
R et o
RS 512

where n is the number of harmonic components.

Correspondingly the power factor can be calculated from the com-
puted values of the first harmonic by

Lire*Ure+ Lim*U,im 7
1*U; ' ¢

cos(phi) =

where |1 and U, denote the lengths of the current and voltage vectors, corre-
spondingly.
By calculating the sign from

sign=I,re*U,im - [im*U,re (8)

enables détermining the phase angle of the power feed, and thereby whether
the coupling is capacitive or inductive. If the sign is positive (sign > 0), the
phase angle is lagging, and the connection is inductive. If the sign is negative
(sign < 0), the phase angle is leading, and a capacitive connection is involved.
Furthermore, the distortion can be calculated from the computed
values by
n U 2
THD = —L
0w
The apparent power of three phases can be derived from
. | (10
P =lcos(phi)|*S (10)
where
I1rus is the root mean square current of phase 1
I12Rrwus is the root mean square current of phase 2
I3Rrus is the root mean square current of phase 3
U1gus is the root mean square voltage of phase 1

U2rus is the root mean square voltage of phase 2
U3Rus is the root mean square voltage of phase 3
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and the earth fault current can be calculated from

(11).

o \/(n.,re+12,re+131re)2’+(111im+1215m+13,im)2
=
512

Figure 2 illustrates schematically the basic functional structure of a
control device 1 according to the first embodiment of the present invention il-
lustrated in Figure 1. The control device includes processing means 21, an
element that comprises an arithmetic logic unit, a number of special registers
and control circuits. Connected to the processing means there are memory
means 22, data medium where computer-readable data or programs, and/or
static or dynamic data can be stored. The memory means typically comprise
memory units that allow both reading and writing (RAM), and memory whose
content can only be read (ROM). The unit also comprises an interface block 23
with input means 24 for inputting data for internal processing in the unit, and
output means 25 for outputting data from the internal processes of the unit.
Examples of said input means comprise a plug-in unit acting as a gateway for
the information delivered to its external connection points, a keypad, or a touch
screen, a microphone, or the like. Examples of said output means comprise a
plug-in unit feeding information to the lines connected to its external connec-
tion points, a screen, a touch screen, a loudspeaker, or the like. The process-
ing means 21, memory means 22, and interface block 23 are electrically inter-
connected for performing systematic execution of operations on received
and/or stored data according to the predefined, essentially programmed proc-
esses of the unit.

In the first embodiment the predefined processes comprise a pro-
grammed algorithm that on the basis of the sequentially sampled current levels
computes a plurality of parameters representative of the quality of the power
feed to the electric motor. Said processes also comprise a number of protec-
tion functions that, responsive to the computed values, initiate, adjust and/or
terminate a variety of control operations. The algorithm is optimized for im-
proved response time and saved processor capacity. The input means 24
comprise an input to sensors that with a defined sample rate measure current
and voltage values of the power feed, the signals from the sensors being first
processed from analog to digital format with an analog-to-digital converter.
The input means 24 typically comprise also an interface to an on-site user ter-
minal and/or to the fieldbus for on-site and/or remote controlling of the device.



10

15

20

25

30

35

WO 2005/071503 PCT/F12005/000046

14

The output means 25 comprise primarily an output to a relay through which the
electric motor can be isolated from the power feed whenever one of the moni-
tored parameters passes through a predefined threshold level. The output
means 25 typically comprise also an interface to an on-site user terminal
and/or to the fieldbus for on-site and/or remote processing of the information
on the processes in the device.

Figure 3 is a flow chart illustrating a method of automatic control ac-
cording to the first embodiment of the present invention. In step 30 a counter
for counting the number of data samples is reset to zero, and in step 32 the
measured values of current and voltage in digital form are collected. In step 33
the counter is incremented and the current value of the counter is compared
with the predefined number of data samples N in step 33. If the counter indi-
cates that there are less samples than the predefined number of data samples
N, the process returns to step 31 where next values of current and voltage are
read. Otherwise the predefined number of data samples have been read and
will be analyzed with the algorithm optimized as described above. In step 34 a
predefined number of real and imaginary values of harmonic components are
calculated from the sampled values of current and voltage, and relevant char-
acteristics of the power feed, including for example root-mean-square current,
the power factor, distortion, or earth fault current are determined therefrom. In
step 35 the determined values are compared against corresponding threshold
conditions. If none of the threshold conditions are met (step 36), the process
may continue automatically and no control function needs to be triggered. If a
threshold condition is met, the procedure will move to step 37 where a control
function f is triggered. The control function itself is not relevant to the invention
and will not be described in more detail. The procedure thus returns to step 30
where the counter is reset to zero in order to collect a new set of samples. It
should be noted that the current and voltage levels are measured continu-
ously, and therefore the procedure typically contains buffering of values to fa-
cilitate an appropriate reciprocity between the reading and computing opera-
tions. However, due to the optimized algorithm the delay from computing is
minimized.

In the above described first embodiment of the present invention the
control function is a protection function whereby the controllable device is iso-
lated from the power feed whenever one of the defined electrical characteris-
tics of the power feed exceeds a predefined level. The electrical characteristics
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of the power feed are determined from sequences of measured values of cur-
rent and voltage using the optimized computation algorithm. It is clear for a

" person skilled in the art that said control function can be any restraining or di-

recting operation performed to affect the controllable device. The control func-
tion may comprise, for example, sending an alarm signal to a central control
device through the fieldbus, or providing a feedback signal to adjust the opera-
tion of the power source.

Figure 4 illustrates another embodiment of the invention where the
controllable device 40 is the power feed itself, for example an electric genera-
tor. Electric generators are known to persons skilled in the art and as such will
not be described here in more detail. The operation of the power source is con-
trolled by a control device 41 connected to it. The control device 41 is an as-
sembly of variable control functions, ranging from simple mechanical switches,
functions performed with on-site user interface terminals, automated control
functions performed through the fieldbus system, to automatic control opera-
tions performed with powerful digital signal processors. The control device 41
according to the present invention is connected to the power line 42 to receive
information on the generated power F(x) as a sequence of measured current
and voltage levels, and on the basis of the sampled data to compute a group
of defined parameters representing the characteristics of the quality of the
power feed. In case said parameters indicate an unwanted effect, a corrective
control function is initiated. .

The optimization of the algorithm is based on primarily fixing the
number of data samples per cycle to be processed with the Discrete Fourier
Transform. The optimized algorithm thus corresponds to a defined sample
rate, and thus to a defined nominal frequency. In case the nominal frequency is
changed, the sample rate needs to be adjusted to provide the predefined
number of samples within the cycle of the new nominal frequency.

In the above first embodiment the DC-component and real and
imaginary values of 15 harmonic components are computed. The number of
harmonic components to be calculated can be adjusted depending on the level
of required accuracy. The smaller the number of components, the less time will
be needed for computing, but at the same time the accuracy of the result will
reduce.

Therefore, an automatic control device comprises optimally a num-
ber of variable control devices chosen and adjusted according to the parame-
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ters relevant to each individual control operation. The control device according
to the present invention provides a solution where the response time of an
economical configuration is improved, and can even be adjusted, and which
therefore provides for optimization that takes into consideration both the tech-
nical and economical factors related to operable protection functions. The op-
timal arrangement of individual control devices can thus be configured accord-
ing to the current operating environment to provide the necessary actions in
appropriate times with economical efficiency.

It will be obvious to a person skilled in the art that, as technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims. '
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CLAIMS

1. An automatic control device (1), comprising

input means (21, 24) for inputting samples comprising measured
values (7) of cyclic voltage and/or current ;

computing means (21) for computing a parameter on the basis of
said samples, and for comparing the computed parameter to a predefined
condition;

initiating means (21, 23) for initiating a control function in response

to the parameter meeting the predefined condition; character-

ized by

said input means (21, 24) being arranged to input a predefined
number of samples per one cycle;

said computing means (21) being arranged to compute the parame-
ter with a discrete Fourier transform algorithm optimized on the basis of fixed
coefficients corresponding to said predefined number of samples per cycle.

2. An automatic control device as claimed in claim 1, charac-
terized inthat said predefined number is a power of 2.

3. An automatic control device as claimed in claim 1 or 2, char-
acterized inthat said predefined number is 32.

4. An automatic control device as claimed in claim 1, 2 or 3,
characterized in that in said optimized Fourier transform algorithm cal-
culations involving coefficients fixed to zero have been eliminated. ’

5. An automatic control device as claimed in any one of claims 1 to
4, characterized in that in said optimized Fourier transform algorithm
multiplication by fixed coefficients 1 or -1 are avoided by use of signs. -

6. An automatic control device as claimed in any one of claims 1 to
5,characterized in that in said optimized Fourier transform algorithm
two or more multiplications by a fixed coefficient have been combined into a
sum equation.

7. An automatic control device as claimed in any one of claims 1 to
6, characterized in that in said optimized Fourier transform algorithm
samples and coefficients are brought to integer form by multiplication by a
value that is fourteenth power or higher of two.

8. An automatic control device as claimed in any one of claims 1 to
7,characterized in that said computing means are arranged to com-
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pute a parameter that is one of the following: root-mean-square current, power
factor, (sign), distortion, earth fault current.

9. An automatic control device as claimed in any one of claims 1 to
8,characterized in that the automatic control device is an electric pro-
tection device and said control function comprises isolation of a second device
(3) from the electric line (2).

10. An automatic control device as claimed in any one of claims 1 to
8,characterized in that the automatic control device is connected to a
generator (40) feeding the electric line (42) and said control function comprises
adjustment of the operation of said generator.

11. A method for automatic control of an electrically operated de-
vice, comprising

inputting samples comprising measured values of cyclic voltage
and/or current ;

computing aAparameter on the basis of said samples;

comparing the computed parameter against a predefined condition;

initiating a control function in response to the parameter meeting the
predefined condition;

characterized by

fixing the number of samples input per one cycle;

computing the parameter with a discrete Fourier transform algorithm
optimized on the basis of fixed coefficients corresponding to said predefined
number of samples per cycle.

12. A computer program product, executable in a computer, ch a -
racterized in that execution of the computer program product in the
computer causes the computer to carry out the steps of claim 11.



WO 2005/071503

PCT/F12005/000046

Yes

e
33

compute Iy, Uy

—~~— 54

Y

compare

—~~— 35

Yes

36

trigger

—~— 57

1/2
3
7 1 5 -
( —~ 5
X ]
—> » D —> IN | A OUT F—>[F(x)]
2
~ |
24 23 1
) / =
—7
T ]| [mMemH—z2
<11 OUT — 21
\
)
25
( Strt )
"
n=0 ~— 20
v
read I, Uy, ~— 31
Y
n=n+1 ~— 32

Fig, 1

Hig. 2

[Hig. &



WO 2005/071503 PCT/F12005/000046

4 [Fig. 4

41
N —= K
1 D |<

42

40 — A 5 >




INTERNATIONAL SEARCH REPORT International application No.

PCT/FI 2005/000046

A. CLASSIFICATION OF SUBJECT MATTER

IPC7: GOSB 13/02, GO6F 17/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC7: GO5B, GOG6F

Deocumentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE,DK,FI,NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-INTERNAL, WPI DATA, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 6006170 A (MARCANTONIO, A R ET AL), 1-12
21 December 1999 (21.12.1999), column 3,
Tine 23 - 1ine 45, claim 1
Y US 4156920 A (WINOGRAD, S), 29 May 1979 1-12
(29.05.1979), column 4, line 8 - 1line 39,
abstract
Y US 3634668 A (SHAFFER, H L), 11 January 1972 1-12
(11.01.1972), column 1, 1ine 6 - column 2, Tline 51,
abstract

m Further documents are listed in the continuation of Box C. m See patent family annex.

| % Special categories of cited documents: “T” later document published after the international filing date or priority

i ” All

document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
B’ %?rher d:{:phcauon or patent but published on or after the international  wy»  goeiment of particular relevance: the claimed invention cannot be
ing date L considered novel or cannot be considered to involve an inventive
“1.”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other _—
special reason (as specified) Y docur‘rilentdotf parm(]mlar relevange t?t: cla;lme%im:ienmon c%nnot be
" . - e considered to involve an inventive step when the document is
e ld g:,e(gg:ent referring to an oral disclosure, use, exhibition or other combined with one or mor;q ?}hgr mﬁ.{l docurnents, such combination
being obvious to a person skilled in the art
"P”  document published prior to the international filing date but later than & P )
the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search

16 May 2005

Date of mailing of the international search report

2.3 -05- 2005

Name and mailing address of the ISA/
Swedish Patent Office

Box 5055, S-102 42 STOCKHGOLM
Facsimile No. +46 8 666 02 86

Authorized officer

Ender Dag /LR
Telephone No. 46 8 782 25 00




INTERNATIONAL SEARCH REPORT

International application No.

PCT/FI 2005/000046

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

US 4715000 A (PREMERLANI, W J), 22 December 1987
(22.12.1987), column 3, line 5 - line 55, figures
1-2, abstract

1-12




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

01/04/2005 | PCT/FI 2005/000046
us 6006170 21/12/1999 DE 09718714 D,T 06/11/2003
EP 0816860 A,B 07/01/1998
us 4156920 29/05/1979 CA 1111561 A 27/10/1981
GB 1582939 A 14/01/1981
JP 1269940 C 25/06/1985
JP 54034643 A 14/03/1979
JP 59046032 B 09/11/1984
us 3634668 1170171972 NONE
us 4715000 22/12/1987 NONE




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

