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Filters

A Filters are typically used in frequency response analysis

A filter is used to remove given frequencies or an interval
of frequencies from a signal.

Such an application would typically be to remove noise
from a signal.

The most common is the low pass filter.

We have 4 types of filter:
— Low-pass Filter

— High-pass Filter

— Band-pass Filter

— Band-stop Filter
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Low-pass Filter
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Low-pass Filter

In Measurement systems and Control Systems
we typically need to deal with noise

Noise is something we typically don’t want
Noise is high-frequency signals

Low-pass Filters are used to remove noise
from the measured signals
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Band-pass Filter
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Band-stop Filter
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Using a Low-pass Filter to reduce Noise
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Using a Low-pass Filter to reduce Noise

=

o> a2k ’I@ I g 2 wa IE" J‘ 14pt Application Font |+ | o+ | g | &9~ | ik 2 !_;ﬁ

Waveform Chart Signall
Noise Amplitude] @ °§
10-

| Simulate Filter -
Frequen Signal Lowpass Waveform Chart with Filter]

0 Sine with Unifor » Signal T
s-: % »  Freguency Filtered Signal * ;H
DELL

Cut-Off Frequen b Lower Cut-Off i
23 .

[milliseconds to wait| Wait (ms)]
|100||

[




Using a Low-pass Filter to reduce Noise
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Low-pass Filter

A Low-pass Filter has the following Transfer Function:

H(s) = & = 1 ”(% y(s)
U,(S) TfS + 1 Input Output

In LabVIEW we can implement a Low-pass Filter in many ways.
If we want to implement the Low-pass Filter in a text-based programming or using e.g., the
Formula Node in LabVIEW we typically need to find a discrete version of the filter.



Low-pass Filter

A Low-pass Filter has the following Transfer Function

H(s) = y(s) — ! We can find the Differential Equation
u(s) Trs+1 for this filter using Inverse Laplace

y(s)[TfS + 1] = u(s)
Try(s)s + y(s) = u(s)

Finally we get the following differential equation:

We apply Euler on the Differential Equation in

Iry+ty=u order to find the Discrete Differential equation



Discretization of Low-pass Filter

We have the following differential equation: We define:
. : Ty _
Iry+y=u Tf+TS_a
We use Euler Backward method: % ~ X¢9=Xk=1) :
Ts . This finally gives:
Then we get: '
200 — (k- 1) y(k) = (1 = a)y(k — 1) + au(k)
T¢ T + y(k) = u(k)

This equation can easily be
implemented in LabVIEW or another

programming language

This gives: y(k) = > +T



Discrete Low-pass Filter Example

Lowpass Filter Transfer function:

y(s) 1

H(s) = u(s) Trs+1

Inverse Laplace the differential Equation:

Try+y=mu

We use the Euler Backward method:
Xk — Xg-1

x = T
This gives:
Tf Yk _TJ’k—1 v = ug
S
i Tf Y% + Ts u
Yk T T T, T T, T, K

We define:

T
=a
Ty + T,

This gives:
Ve = (1 — a)yr—1 + auy

\

Filter output

Noisy input signal
T. < I
ST 5
This algorithm can be easly implemented
in a Programming language
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Testing the Filter
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As you can see this gives good
results.

The filter removes the noise
from the signal.
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In this example we add noise to a Sine
function. We then use the Measurement
Filter to see if we can remove the noise

afterwards.
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