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Abstract: The paper deals with noise reduction in signakniNdly measured signal very frequently includesaand

data processing includes the activities for itsiotidn. The best choice is to reduce the souremisk, but often it is not
possible to reduce noise source. Filtering is aro#lttivity, which helps us to reduce noise in read signal. Data
processing can be executed only with filtered digna

=

1 Introduction

s

{ Explored ™\

Measurement is a set of actions to determine theeva % object
of a measurand, which can be performed manually or ¥
automatically. ‘ o

A measuring instrument is a device intended for the . .

conversion of a measured quantity into a quantitiglér

‘ Measurement circuit, Amplifier

signal bearing information about its value (datajhw Tt

possible displaying of the measured value on thieating b

device. In most cases, the measuring device isrsiwde ‘ AD converter

to be a ready-to-use compact device. The equivébemt 4L

measurement instrument is also often used. ‘ Digital signal processing
A measuring device is a set of technical means and m |

measuring instruments designed to carry out the ‘
measurement of a selected quantity, including all . =
measuring instruments and other auxiliary measuring ) bl )
devices necessary for the application of the given | nformation about measured quantity
measuring method. The measuring device need riotde Figure 1 Structure of measurement instrument
compact state but can be tailored to the applioatio - ) o )

The measuring instrument and measuring devicesare a Unified signal - moves within a predefined rangehef
chains of blocks - a measuring chain in which teasured duantity holder variable. eg.: _
quantity (input) is transformed into an output ditgn. e. * 0to 20 mA or 4 to 20 mA current signal
measuring instrument data. A single measuringgtriny *0to0 10 Vor -10 to +10 V voltage signal
take the form of serially connected blocks (Figlye * pneumatic signal 20 to 100 kPa. _

A signal is a physical quantity that carries added There are two types of signals: according to tterea
modulated information about the measured quantity w of information transformation:
which it is functionally coupled. * analogue signals (arbitrary value),

The sensor (sensor) transforms a physical quantiy « discrete signals, digital signals (finite number
another quantity, so-called quantity holder of infiation. values).
The sensor transforms information from the physiceh
of the measured quantity into another physical ,af@a
example a signal to a unified signal, most ofteraio
electrical unified signal.

Display, di'fa storage

The measurement process can also be controlled by a
microprocessor. The microprocessor may perform some
activities in a block diagram. However, it is maften
used for signal processing and compensation of
disturbances. Advantages of microprocessor-coatioll
measuring instruments:
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« the possibility of configuring device features White noise
according to user requirements
* possibility to connect several types of sensors MWWW
* possibility to modify static characteristic (zgyoint MWW’WMWW N WvM

shift, change of directive)

« suppression of interferences affecting the messur
quantity

* limit state signalization

« the possibility of communicating with the compute

* blocking against unwanted interference

* processing of measured data (average, MAX, MIN,
Modus, Median, ...)

* possibility of archiving measured data

« self-diagnosis

« self-calibration

 remote control and data acquisition (GSM, WiE), .

Intensity

>
g

Frequency

Figure 3 White noise

Pink noise (Figure 4) has linearly proportionallidev
frequency spectrum in logarithmic scale. Spectealsity
of pink noise decreases by constant decrement BedB
octave.

Brown noise or also called as Brownian noise (Fgur

) o ) . 5) has power density which is decreased by 6dB¢ave
Signal processing is area, which focuses to amali®i \yith increasing frequency shown in logarithmic scal
modify and to synthetize the signal captured asmdpu

image or measurement set. Al activities is useduse of ‘1"”‘% Pink noise
a better transferring and storage of the signal.
Mainly analogue signal is damaged with noise. R t M
purpose are used many additional devices as passive M
active filters, mixers, integrators, amplifiers,citiators

etc. MMW%M

2 Signal noise

Noise reduction is an activity for rejection of s@ifrom
signal from measurement and also from sound or émag
source. Algorithm of reduction depends on charaofer - -
signal and noise. Noise is characterized as undgrae requency
of the signal. This unwanted part is as randonudisince

Intensity

Figure 4 Pink noise

(Flgure 2)' % Brown noise

A M
E Mw
o f
g WM
8 z "
= 7]
® g MM
] £
= iy

Frequency
] ) . Time Figure 5 Brown noise
Figure 2 Measured signal with noise
. A Blue noise
There are several types of noise:
- Short impulse (spikes) and harmonic noise (high- WMWM
frequency and low-frequency noise) wm
- White noise "
. . M,/N'MWV
- Impulse, non-stationary noise ok
2 i

Practically, for noise is used colour classificatio g
obtained from analogy of sound and light wave spect £
frequencies. White noise (Figure 3) is coming from -
analogy to white light, which has flat frequencywwa Frequency
spectrum. Figure 6 Blue noise
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Blue noise (Figure 6) has power density which is Low pass filter is used for removing of high fregog
increased by 3dB per octave with increasing frequennoise. But high pass filter is used for removingla#

shown in logarithmic scale. frequency noise. Beside the mentioned passivedijlteere

are also Band-pass filter and Band-stop filter. Bpass

3 Noise reduction filter allows to pass only wanted band of frequesgcbut
There are several ways of noise reduction: Band-stop filter blocks only frequencies belong to

- Faraday cage - is a fully enclosed cage made of &Recified bans (Figure 9). Frequency response shwn
electrically conductive material (e.g. wire mesh)figure 9 is only ideal case. Real frequency respsraf
The interior of the cage is protected against thié@lters have different characteristic. Rising edgel falling
effects of external electric, electrostatic anddge are not rectangular but there is any slopée any
electromagnetic fields and waves. The principléhese responses (Figure 10). _ _
lies in the characteristic of the electric charge, Low-pass filter shown on figure 7 is also calledfast
which concentrates only on the surface of therder filter”, because it includes only one reaetiv
driver, but not in its volume. The cage as a wholéomponents (capacitor). For low-pass filters (Fégy, it
acts as a driver, so there is no charge in itsrinnts possible derive the equation for cut-off frequietalso
volume. Electromagnetic radiation is absorbed bgalled as “break-point”). For low-pass filter itesjifies the
the surface of the cage. requency when input signal amplitude is reduceddiye

- Shielding cables — electric cable composed from3dB. For low-pass filter it is defined as:
one or more insulated wires in common isolation
and covered by conductive layer from foil or  fo,.orf =ﬁ Q)
braided strands made from aluminium or cooper.

like faraday cage. for high-pass filter.
- Filtering — electronic circuits, which enable tespa
of certain frequencies and to block unwanted [HIGH PASS Filter |
frequencies through the filter. £ 3
B a
Filters can be divided into two main groups asiv@s  &|requencies| requencies E|  requences |iequenet
and active filters. Passive filters are composesmnfr X b &
combination of passive electric components as trsis Fraquancy Fraguancy
capacitors and inductors. Inductors have abilitylimck
high frequency part of signal and allow to flow low BAND PASS Filter | BAND STOP Filter |
frequency part of signals. Capacitors block lovgérency € 3
part Of Signals and a”OWS ﬂOW Of hlgh frequenwtmf EL Blocked Passed Blocked :E' Passed Blocked Passed
signals. Resistor has no direct impact to traneahitt <|freauenciesifrequencies frequencies <|frequenciesifrequenciesffrequencies
frequency, but it has influence to value of timastant of x o bad o X

f. |t . t Frequency Frequency
Iiter circuit. Figure 9 Ideal frequency response of basic typgmesive
filters
R
:
Vin Vour g ﬁ
=> =TS g j F
£ E
< <
o L 2 O
Figure 7 Low-pass frequency passive filter > >
Frequency Frequency
Cc
3 — :
I @ s
E E
Vin Vour = =
R a a
b 5 ﬂ T\ J
. [+ - ad 0 . . Frequency > Frequency g
Figure 8 High-pass frequency passive filter Figure 10 Frequency response of basic types ofiyasitters

These passive components can be used for building o
simple passive low-pass frequency filter (Figurghigh-
pass frequency filter (Figure 8).
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1st stage 2nd stage
Figure 11 Second order low-pass passive filter

C, C,
—]
Vin R, R, Vour
= =
o @ ® O

1st stage  2nd stage
Figure 12 Second order high-pass passive filter

Cutt-off frequency for both second order filterew
pass and high-pass) is defined as follow:

1

feutors = orirreres )

Active filters include also active electronic pafts
amplifying of signal intensity. Normally, transistr

operational amplifiers are used for this purposer Fsignal. For this purpose, a frequency analysis was

example, non-inverting amplifier can be used ahdwn
on figure 13 for low-pass active filter and highspactive
filter shown on figure 14. These filters are bage®allen-
Key topology.

c1
|1
||
R R, OA
V, f =
I:g c VOUT
T
_L s = Operating
Passive amplifier
Low-pass
part

Figure 13 First order low-pass active filter

Natural undamped frequentyis defined:
1

fo = e ®)
Attenuation is defined as:

— 1 RitRp
Ap = 2:C; RyRy 4 (

Analogically, it is possible to build high-pass iaet
filter (Figure 14). Natural frequency is definedtlwihe
same equation as before, but attenuanion is defised

_ 1 CitG
Ap = 2Ry Cq1:Cy 5)(

R1
| —
| S|

Gy c,

P T

o & 0
J_ : Operating
Passive ip
High-pass amplifier
part

Figure 14 First order high-pass active filter

4  Filtering

Activity of displacement actuator has been measured

via using the measurement data acquisition caol P@.
Measured signal (Figure 15) is damaged by noisetdad
signal cannot be used for analysis and for thisaeat is
necessary to repair it. Noise source was not ifilediti
Therefore, the only possible way is to filter theasured
signal. The measured signal was recorded in &Fifgure
15) and its offline processing is thus possibletamthlly.

Offline data processing can be realized via usihg o

simulation model (Figure 16) with data recordedrfneal
process.

The course of the measured signal (Figure 15) ig/wa
and this indicates the presence of higher freqesriithe

performed (Figure 16), according to which the iindlinal
frequencies of the signals present in the meastoadse
were identified (Figure 17).
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Figure 15 Measured signal and selected detail @exbsignal
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Design one of several standard analog filters, implemented in state-
space form.

Parameters

Design method: |Butterworth i
Filter type: | Lowpass -
Filter order:

1 B
Passband edge frequency (rad/s):

[2.8 [E
? oK Cancel Help Apply
Figure 16 Simulink model for data filtering andgef filter
parameters
File Tools View Simulation Help 7 ¥ Distortion Measurements i
B-Or® - a- L&A NER D,smmun
T T ¥ Harmonics 0
Bl Label harmonics
#  Freq. (Hz) Power (dBm)
1 0.325521 1176
= Freq. (Hz) Power (dBc)
2 0651042 750
3 1.10677 -20.24
4 1.30208 1412
5 1.82292 -19.14
6 201823 -17.70
7 247396 2167
8 266927 2479
9 3.0599 -27.23
10 3.45052 22 67
THD:  -5.65 dBc (52.19%)
SNR:  B8.04 dBc
SINAD: 367 dBc
SFDR: 750 dBc
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Figure 17 Spectrum analysis in Matlab/Simulink
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Result from Spectrum analyser (Figure 17) shows
amplitudes of all frequencies. We know that exmtat
frequency of actuator was 0.3Hz and this signddésmain
signal. Other higher frequencies are undesirald, ae
would like to reject them from measured signal.

Low pass filter has been proposed into simulation
structure (Figure 16) for suppressing of highegdiencies.
Result if filtering is visible on Figure 18.
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Figure 18 Filtered signal and detail of signal

The filtered signal (Figure 18) is smoothed, anb it
possible to make any analysis of actuator dynamic
characteristic. As it is visible the filtered sigrhes also
phase shifting as small-time delay of signal.

5 Conclusion

Almost all measurement systems have problems with
data processing, because of noise, which is miréal i
measured signal. Very frequently measured quaistlst
inside the noise and filtering is inseparable égtigturing
the measuring process [1-23].
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