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(57) Abstract: It is presented a harmonics detector (1) for detecting harmonics of a signal source (8). The harmonics detector
comprises: a fundamental extractor (12) comprising a noise reduction filter (20), an adaptive predictive filter (22) and an interpo-
lator (24), connected in series, wherein the fundamental extractor outputs a fundamental signal; a subtractor (13) for calculating a
o difference between the signal source and the fundamental signal. A corresponding method is also presented.
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METHOD AND APPARATUS FOR HARMONIC DETECTION

FIELD OF INVENTION

The present invention relates generally to harmonics
detection, and more particularly to reducing latency in

harmonics detection.

BACRKGROUND

In electrical motors, it is known to detect harmonics

e.g. using a measurement of total harmonic distortiomn.

It is known to use filters to obtain the fundamental
frecuency of the signal source, whereby the fundamental
frequency can be subtracted from the signal source to
obtain only the harmonic distortions. When the harmonic
distortion is sufficlently large, error handling can be

automatically triggered.

However, such filters introduce delays, which can prolong

the time until critical error handling is started.
SUMMARY

It is therefore an object of the present invention to
reduce the latency introduced when measuring harmonic

distortion.

A first aspect of the invention is a harmonics detector
for detecting harmonics of a signal source. The harmonics
detector comprises: a fundamental signal extractor
comprising a noise reduction filter, an adaptive
predictive filter and an interpolator, connected in
series, wherein the fundamental extractor outputs a

fundamental signal; a subtractor for calculating a
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difference between the signal source and the fundamental

signal.

The harmonics detector may be adapted to detect harmonics

of rotating electrical machines.

The noise reduction filter may be a median filter,
wherein the median filter is arranged to provide as its
output a sample representing a median value of a

plurality of most recent samples of the signal source..

The adaptive predictive filter may predict two sample
steps ahead to compensate for the delay of the median

filter and the interpolator.

The adaptive predictive filter may comprise a first and a
second finite impulse response filter, where the first
finite impulse response filter generates the output of
the adaptive predictive filter based on the input to the
adaptive predictive filter and coefficients calculated by

the second finite impulse response filter.

The coefficients to the first finite impulse response
filter may be updated using a least mean square

algorithm.

The coefficients of the first filter may be updated

according to the following formula:

Hin +1) = H(n) + 2 x u Xx e(n) x X (n - 2)
where:

e{n) = x{n) - HT (n} x X {(n - 2) is the error,

H{n) = [h(0),...... hin -1)17 is the coefficient

vector, and

X (n - 2)
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A second aspect of the invention is a method, performed
in a harmonics detector, for detecting harmonics of a
signal source. The method comprises the steps of:
reducing noise of the signal source, predicting a future
sample with an adaptive predictive filter, performing an
interpolation, to thereby obtain a fundamental signal,
and calculating a difference between the signal source
and the fundamental signal to obtain a harmonics

component of the signal source.

The method may further comprise the step of calculating a

root mean sqguare of the harmonics signal.

It is to be noted that any feature of the first and the
second aspects may, where appropriate, be applied to any

other aspect.

with the solution presented above, the latency is greatly
reduced for harmonics calculations of signals. This
allows for a quicker response to potential problems which
can e.g. automatically respond to any fault condition by
taking appropriate action. Furthermore, the resulting
measurement can be used to estimate losses e.g. in
rotating electrical machines. With the adaptive filter,
frequency variations can be followed, e.g. due to slip
variations in asynchronous rotating electrical machines,

or due to variations in a frequency of a power supply.

Generally, all terms used in the claimg are to‘be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise
herein. All references to "a/an/the element, apparatus,
component, means, step, etc." are to be interpreted

openly as referring to at least one instance of the
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element, apparatus, component, means, step, etc., unless
explicitly stated otherwise. The steps of any method
disclosed herein do not have to be performed in the exact

order disclosed, unless explicitly stated.

BRIEF DESCRIPTION OF DRAWINGS

The invention is now described, by way of example, with

reference to the accompanying drawings, in which:

Fig 1 is a schematic diagram showing an environment where

the present invention can be applied,

Fig 2 is a schematic block diagram of the predictive

filter of Fig 1,

Fig 3 comprises two graphs illustrating an extracted
fundamental signal accerding to the predictive filter of

Fig 2,

Fig 4 is a schematic block diagram illustrating the

adaptive predictor of Fig 2,

Fig 5 comprises two graphs illustrating an adaption time

of the predictive filter of Fig 1, and

Fig 6 1s a flow chart illustrating a method of harmonic

detection in the harmonics detector of Fig 1.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings,
in which certain embodiments of the invention are shown.
This invention may, however, be embodied in many
different forms and should not be construed as limited to

the embodiments set forth herein; rather, these
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embodiments are provided by way of example so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the
art. Like numbers refer to like elements throughout the

description.

Fig 1 is a schematic diagram showing an embodiment of a
harmonics detector 1. An input signal 8 is fed to the
harmonics detector 1. The harmonics detector can be
detected using digital filters, e.g. one or more of using
digital signal processor (DSP), field programmable gate
array (FPGA), central processing unit (CPU), application-

specific integrated circuit (ASIC).

The input signal 8 is a signal with a fundamental signal
and potential harmonics components that are to be
detected. For example, the input signal can be a detected
current or voltage relating to a rotating electrical
machine 6, such as an electrical motor. The signal 8 is
an analogue signal. It is to be noted that the signal can
be from other signal sources where it is useful to

extract harmonic components.

An A/D {analogue to digital) converter 10 converts the
input signal 8 from analocgue to digital format by
sampling the input signal, thereby vielding a stream of
quantified samples, i.e. a digital signal. The frequency
for the sampling is selected appropriately, e.g. between
5 - 50 kHz.

The digital signal is fed to a fundamental signal
extractor 12 and a subtractor 13. 2as will be shown in
more detail below, the predictive filter provides the

fundamental signal 9 of the input signal, without
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producing a delay. Consequently, the subtractor 13 can
find any difference between the incoming signal and the
fundamental signal 9 for detecting harmonic components.
The output of the subtractor is thus the harmonic
components of the input signal 8 without any delay
introduced by the filter 12. An RMS (root mean square)
calculator 14 then calculates a root mean square value of
the harmonics components to obtain a distortion
measurement. It is to be noted that even if the
fundamental signal extractor 12 is not perfect in
extracting the fundamental signal 9 of the input signal

8, it is still usable to detect harmonic components.

Fig 2 is a schematic block diagram of the fundamental
signal extractor 12 of Fig 1. The fundamental signal
extractor 12 has three blocks. The first block is a noise
reduction filter 20. In this embodiment, the noise
reduction filter is a three point median filter 20, which
removes disturbing impulses. The median filter 20 is a
non-linear filter that operates e.g. by sorting the
samples inside the moving filter window by magnitude,
choosing the middle value, thereby removing completely
isolated impulses. Instead of a three point median
filter, any other appropriate median filter could be

used, e.g. a five point or seven point filter.

The next component is an adaptive predictor 22, which
predicts two steps ahead, one to compensate the delay in
the median filter and the other to allow interpolation in
the last stage. This filter behaves as a band pass filter
with a narrow pass-band centred at the main freguency.
Since an adaptive predictor 22 is used, the prediction
step remains accurate, even if the line frequency changes

over time. Thus, the filter is also able to work in much
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higher or lower frequencies, only by changing some
control parameters, such as the sampling frequency. For
small variations in the frequency, no adjustments need to
be made. The frequency range is limited only by the
Nyquist frequency of the discrete time system. An
interpolator 24 interpolates the signal to get a
continuous signal. The interpolator can be any suitable
interpolator, e.g. a polynocmial interpolator of a
suitable degree. In one embodiment, the interpolator is a

sixth degree polynomial interpolator.

Fig 3 comprises two graphs illustrating an extracted
fundamental signal according to the predictive filter of
Fig 2. The upper graph 30 shows a corrupted input signal,
i.e. an input signal with a significant harmonics
component, and the lower graph 32 shows the fundamental

signal as output from the predictive filter of Fig 2.

Fig 4 is a schematic block diagram illustrating
components of the adaptive predictor of Fig 2. There are
two finite impulse response filters (FIR), a first FIR

filter 43 and a second FIR filter 44.

The second FIR filter 44 of the inside loop produces and
updates 41 update coefficients for the first FIR filter
43. The coefficients of the adaptive filter are updated
using the Least Mean Square algorithm (LMS), which is
selected due to its robustness and computational

simplicity. The coefficient update formula is

Hn+ly=Hmn)+2 -u-e(n)-X(n—2) (1)

where

emy=x(m)—HT (n) - X(n—-2) is the error 50
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H(n) = [(0),...... hOz—lﬂT is the coefficient vector 41

X(n—2)=[x(n-2),.... xt—N-1]7 is the data vector 40
containing samples of the
input signal

The constant u is selected to be small enough to
guarantee the stability of the LMS algorithm. A two
sample delay element 42 is provided in the inner loop.
The adaptive filter configuration has been tested in
MATLAB/SIMULINK, with 22 coefficients. The filter shows
good convergence properties and a significant reduction

of the distortion of the primary sinusoidal component.

Fig 5 comprises two graphs illustrating an adaption time
of the predictive filter of Fig 1. The upper graph 60
shows an exemplary input signal being an induction motor
current and the lower graph shows the output of the RMS
calculator 14 (Fig 1). In an initial period 64 of about
0.2s, the adaptive predictive filter is still adjusting
to the fundamental sigmal. Since the fundamental signal
has not yvet been found, the difference between the input
signal and the fundamental signal of the filter is
relatively large. In the second period 66 shown, however,
the adaptive predictive filter 22 has adjusted to the
input signal and essentially only the harmonics
components of the input signal contribute to the RMS

value shown in the graph 62.

Fig 6 is a flow chart illustrating a method of harmonic

detection in the harmonics detector of Fig 1.
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In an initial reduce noise step 70, noise is reduced of
the input signal, e.g. using the median filter 20 of Fig
2.

In a predict future samples step 72, future samples of
the fundamental signal are predicted, e.g. using the

adaptive predictive filter 22 of Fig 2.

In a interpolate step 74, the signal is interpolated,
e.g. using the interpolator 24 of Fig 2, yielding an

fundamental signal.

In a calculate difference step 76, a difference between
the input signal and the fundamental signal is

calculated, yielding a harmonics component.

In an optional calculate RMS step 78, the root mean
sqgquare of the difference is calculated, which is used to
obtain the distortion measurement. After this step, the
method ends. Alternatively, the method is repeated after

this step for continuous harmonics detection.

The invention has mainly been described above with
reference to a few embodiments. However, as is readily
appreciated by a person skilled in the art, other
embodiments than the ones disclosed above are egqually
possible within the scope of the invention, as defined by

the appended patent clains.
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10
CLAIMS

1. A harmonics detector (l) for detecting harmonics of a
signal source (8) comprising:

a fundamental signal extractor (12) comprising a
noise reduction filter (20), an adaptive predictive
filter (22) and an interpolator (24), connected in
series, wherein the fundamental extractor (l12) outputs a
fundamental signal;

a subtractor (13) for calculating a difference
between the signal source {(8) and the fundamental signal
(9).

2. The harmonics detector (1} according to c¢laim 1,
wherein the harmonics detector (1) is adapted to detect

harmonics of rotating electrical machines (6).

3. The harmonics detector (1) according te claim 1 or 2,
wherein the noisge reduction filter (20) 1s a median
filter, wherein the median filter is arranged to provide
as its output a sample representing a median value of a

plurality of most recent samples of the signal source.

4, The harmonics detector (1) according to any one of
the preceding claims, wherein the adaptive predictive
filter predicts two sample steps ahead to compensate for
the delay of the noise reduction filter (20) and the
interpolator (24}. '

5. The harmonics detector (1) according to any one of
the preceding claims, wherein the adaptive predictive
filter (22) comprises a first and a second finite impulse
response filter (43, 44), where the first finite impulse
response filter (43) generates the output of the adaptive

predictive filter (22) based on the input to the adaptive
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predictive filter (22) sand coefficients calculated by

the second finite impulse response filter (44).

6. The harmonics detector (1) according to claim 5,
wherein the coefficients to the first finite impulse
response filter (43} are updated using a least mean

square algorithm.

7. The harmonics detector (1) according to c¢laim 5 or 6,
wherein the coefficients of the first filter are updated

according to the following formula:

H(in +1) = Hn) + 2 x u x e{n) x X (n - 2)
where:

e(n) = x(n) - HT (n) x X (n - 2) is the error,

H(n) = [h{(0),...... hin -1)I1T is the coefficient

vector, and
X (n-2) = [x(n-2),..... , x(n - N -1)1T7 is the

data wvector.

8. A method for detecting harmonics of a signal source,
the method comprising the steps, performed in a harmonics
detector, of:

reducing (70) noise of the signal source,

predicting (72) a future sample with an adaptive
predictive filter,

performing an interpolation (74), to thereby obtain a
fundamental signal, and

calculating (76) a difference between the signal
source and the fundamental signal to obtain a harmonics

component of the signal source.

9. The method according to claim 8, further comprising
the step of calculating (78) a root mean square of the

harmonics signal.
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