CV02: Akabak/Filter

- - 3 ->— - - — B =

dog.. Ing. Jozef Juhar;, PhD.

http://voice.kemt.fei.tuke.sk



1. Vytvorime skript podl'a nasledovného vzoru

5 M=

| ol e e e ol ol e e ol A e e o o e e o e e e e e ol ol e o o e ol e i A o o ol e o e e ol ol e e e o o A i ol e e e ol ol ol i Y
| #*** Elektroakustika - cvicenie 3. tyzden #F+*FF&FFddasdiix
| **** MNavrh elektrickych filtrowv FrREH AL L LR L L
| #*#** Meno Priezviskoe, 3. =zkupina FEREFHERREFHERESE

| TEEEEEITITEEIT LI LTI AL LT XXX XXX XXX X XXX XXX LRI EL LT XL LT

S8yv=stem TDPET

Re=zistor TR1" HNode=1=0 ER=8chm

8v=tem TPPET

Resistor TR1" Node=1=0 E=8ohm

Bvstem THPET

Resistor TR1' Node=1=0 E=8ohm
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2. Kliknutim na ponuku Filter/Filter Dialog otvorime dialogové okno Filter:
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3. Klikneme na tlac¢idlo ,,Standard Lowpass Function a v rovnomennom dialégovom
okne potvrdime predvoleny vyber triedy filtra (Butterworth) a radu filtra (2. rad):

B
x|

Order
|2 Esc | | Ok | r requency fo Amplification ¥o
_Hz. 1 |:| Diagram
Clazs
[

(@ Butterworth

Bez=zel

(" Linkwitz-Riley
(' Chebyshey Ripple | dB J
(' Bu-LR Compromize Ripple | dB L irmerator
(' Bu-Thomson M | L orriiriator
Standard Towpazz | [ Cowpazs fo |:| Highpaszs to |:| Lowpaszssz to
functions.__. highpass lowpass allpass
Beszzel allpass |:| Lowpaszsz to A f2
delay... bandpass B andwidth: | | _H=z__
[ |Copytol Deci Factor [ Tolevel
Frequency zcaling _
Jclarz | ] | |-3dB dB

26. februar 2009



Kliknutim na tlacidlo ,,Copy to 1 skopirujeme koeficienty prenosovej funkcie filtra
do Casti ,, Transfer 1 dialogového okna ,,Filter. Vyplnime bunky ,,Filter

identification®, ,,Filter frequency fo* a ,,Amplification vo*.

Transfer 1
Filter identif. FEilter frequency fo Ampllhcatlun Yo
Get from DPF1 500 Diagram
scnpt H ( ) — |:| -
LO0=1; S)=H{s}==
Copy to 2 ! { ,b
PROL | 921, a1=1.414214; a0=1; &S +3-5+3a,
|:| Clear 1

Copy function
1 to clipboard
and cloze

Transfer 2

+1

1#:72 + 1.414% + 1

I

|:|§tandard lowpassz |:| Lowpass to |:| Highpaszs to |:| Lowpass to
functions. . highpass lowpass allpass
Beszzel allpass |:| Lowpass to A £2
delay__. bandpazz  Bandwidth: | | .Hz..
[ |Copytol Deci Factor [ Tolevel
| Frequency scaling i
|:| Clear 2 |:| | | 3dB dB

x|

26. februar 2009
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Klikneme na tlacidlo ,,Copy function 1 to clipboard and close* a vloZime prenosovu
funkciu filtra do skriptu ako na obrazku:

& o =]
| el o o o i i i e O ol e ol ol O e e ol e O e i ol e Fs

| #*** Elektroakustika - cwvicenie 3. tTyzden *FFraFddiasitias

| **** MNavrh elektrickych filtrow

| #*** Menc Priezviszke, 3. skupina
| ol ol ol i ol ol e ol e ol e e e ol o e e ol e e ol e e ol e e e ol e e ol e e ol e e ol e e ol e e ol e e ol

R R
FEEEETE LTI L L EEE

Sv=stem TDPET

Filter TDEF1T
fo=500Hz vo=1 \
ik0=1;
az=1; al=1.414214; al=1; ! ] .
Resistor "TR1" HNode=1=0 R=8ohm Funkcia, ktorou je
nasobené vstupné
napatie.
Sv=stem TPPET P
Reziztor TR1T" Node=1=0 E=8ochm
Svstem THPET
Fesistor 'TR1" HNode=1=0 E=8ochm .
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Zopakujeme kroky 2 a 3, ¢im v ,,Transfer 2°° dostaneme opéat’ prenosovu funkciu

Butterworthovho dolnopriepustneho filtra 2. radu:

Transfer 1 - =
Filter frequency fo Amplificatio

|5I]I]Hz Hz.. |1

Get from
script

[__ICopyto2

Diagram

FS

Pri otvoreni okna moze byt’' v
tejto ¢asti ,pozostatok” z
prechadzajucej ¢innosti. Mozno
to zmazat’ tlaCidlom ,,Clear 1“.

|:| Clear 1

Copy function
1 to clipboard

and cloze J
Transfer 2

+1

1#:72 + 1.414% + 1

|:|§tandald lowpass |:| Lowpass to |:| Highpass to |:| Lowpass to

functions.__. highpass lowpass allpass
Beszel allpass |:| Lowpass to h £2
delay. . bandpassz B andwidth: | | _Hz..
[ |Copytol Deci Factor [ Tolevel
Frequency zcaling ~
|:| Clear 2 |:| | | 3dB dB
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Klikneme na tlacidlo ,,Lowpass to highpass* (vSimnite si okamziti zmenu
prenosove] funkcie), skopirujeme koeficienty prenosovej funkcie (tlacidlo ,,copy to
1) a zeditujeme bunky, obsahujuce identifikator filtra, charakteristicku frekvenciu a

zosilnenie.
Transfer 1
Filter identif. Filter frequency fo Amplification ¥o
Get from HPF1 1500Hz |1 Diagram
|:| script Lz |:| -
[ Jcopptoz [P27L: ﬂ
aZz=1; al=1.414:14; al=1;
|:| Clear 1

Copy function
1 to clipboard
and cloze j
Transfer 2 e
15272 + 1.414% + 1
|:|§tandald lowpaszs |:| Lowpass to |:| Highpaszs to |:| Lowpass to
functions._. highpass lowpass allpass
|:| Beszel allpass |:| Lowpass to h £2
delay._ .. bandpazz  Bandwidth: | | _.H=..
|:| e Deci Factor [ To level
Frequency zcaling R
|:| Clear 2 |:| | | 3dB dB

=

[ —\

Tu je zmena v
prenosovej funkcii
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Skopirujeme Specifikaciu filtra do pamite a vlozime do skriptu (do systému ‘HPF’)

i% Script of 3 _ O] x|

| FEEEITITITETIT I I T T I FTETETET R LT LT LT X I T LTI E T LTI ET T T L -

| **** ERElektroakustika - cvicenie 3. tyzden ***F*FFsdsraiiias
| #*** MNavrh elektrickych filtrowv FEEHEIRELRLELHL

| **** Meno Priezwisko, 3. zkupina FEEEEXI LRI LR ES
| FhEEFEFEEIFETFE T E T FTEEETFT AT EEFTEEEFTE AT AR EEEFEE AT E AT A EE A RS

Sv=tem 'DEET
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Filter TODEF1"
fo=500Hz wvo=1
ik0=1;
az=1; al=1.414214; al=1; 1

REesistor
Sv=tem 'TPPET
REesistor

Sv=tem THEE'

TR1T Node=1=0 ER=8ochm

TR2T Node=1=0 ER=8ochm

Filter
fo=500H=
ibh2=1;

az=1;

THEF1T
vo=1

al=1.414214; al=1; '

REezistor

TR3AT Node=1=0 ER=8chm




Zopakujeme kroky 3 a 4, pomocou ktorych dostaneme v €asti ,, Transfer 2* prenosovl funkciu
dolnopriepustneho filtra; vlozime zvolene frekvencie pasmoveho priepustu a tlaCidlom
,,Lowpas to bandpass* konvertujeme prenosovu funkciu dolného priepustu na pasmovy
priepust; skopirujeme koeficienty prenosovej funkcie do ,, Transfer 1* a zeditujeme
1dentifikator filtra;

Nemenime charakteristicku frekvenciu — tentokrat je to frekvencia, ktora je geometrickym
stredom frekvencii f1 a f2 — AkAbak ju z nich vypocital !

ITransfer 1 — = - —
Filter identif. Eilter frequency fo Amplification ¥o

[__] Get ftmm |PPF1 |866.025Hz — Hz |1 [ | Diagram
SChp

[ ] Coppto2 b2=1; %\J .
- 24=0.75; =a3=1.224745; a2=2.5; al=1. 5: Charakterlsnck\
| Clear 1 al=0.75; a frekvencia
\

Coov funchi pasmového

LCopy lunchion .

1 to clipboard prlepust.u -
and close geometricky

Transfer 2 stred frekvencii

f1af2 /

07574 +1.225%"3 + 25%72 + 1.225% + 0.75

[ |Standard lowpass | | Lowpass to || Highpass to || Lowpass to
high i

functions._. A%z lowpass allpass

M

Bezzel allpaszs Lowpass to

delay. bandpasz  Bandwidth: |5|]U
[ |Copytol Deci Factor [ Tolevell
Frequency scaling N
|:| Clear 2 |:I | | 3dB dB
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Skopirujeme Specifikaciu filtra (pasmoveho priepustu) do pamate a vloZzime do
skriptu.

| e o R e o e iR o o e e o e

|**** Elektroakustika - cvicenie 3. tyzden *F*FFdasdiiass _
| **** MNawvrh elektrickych filtrowv FhEEEE A AL L LA
| #*** Meno Priezviszko, 3. =zkupina FREEEH IR AT ELLSE

| e o R e o e iR o o e e o e

Syvstem TDPEET

Filter TDEFLT
fo=500Hz wvo=1
{k0=1;
az=1; al=1.414214; al=1; !
Rezistor TR1" Node=1=0 E=8chm

Svstem 'TPPET

Filter TEEF1T
fo=886. 025Hz wvo=1
{hz=1;
a4=0.75; a3=1.224745; azZz=2.5; al=1.224745; a0=0.75; I
Resistor TRZ' Node=1=0 E=8chm

Sv=tem THEET

Filter THEF1"

fo=1500Hz wvo=1

ibh2=1;

az=1l:; al=1l.414214; al=1; !
Resistor "TR3IT Node=1=0 E=8chm
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Zobrazime si1 napitia na zat'aZovacich odporoch — ponuka Inspect/Voltage —
Linearna Skala na zvislej osi (Amplitude)

2 Voltage of 3, Amplitude [Phaze)
Uin=0. 707 rmz — PPF. H=1=0. R=8ochm R2

;"’ —— DPF. N=1=0, Ri=fohm R —— HPF, N=1=00, R=8okm A3 Akabak (R
,_:-""'_FF
0
06
0.4
02z /
20 50l 1010 B 1k Bk 1k 20k

Frequency Hz
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Zobrazime si1 napitia na zat'aZovacich odporoch — ponuka Inspect/Voltage —
nelinedrna Skala na zvislej osi (Level)

3 Voltage of 3, Level [Phaze)

Uin=0.70rms — PPF. N=1=0, R=8ohm R2

{5 | — DPFEN=1=0.R=BohmR1  — HPF.N=1=0, R=Bohm i3 Akibak (R)

NN
/

AN
/

20 50 100 500 1k Bk 10k 20k
Frequency Hz
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Porovname zobrazenie pomocou linearnej a nelinearnej Skaly na jednom grafe

7. Voltage of 3, Amplitude [Phaze]

Jin=0. 70"z
;| — HPF.N=1=0, R=Bohm A3 skabak (R) - 09
e ]
< -3dB
:
0.8 : 15
/
]
I,
0.707 /
0§ : a0
]
1
1
l
0.4 I 45
1
1
1
/ :
02 | &1
1
% / .
1
/ f/f !
. . : 7R
1
20 a0 100 00 1k Bk, 10k 20k
— 8. %alkage of 3, Level [Phasze)], Uin=0.70%mz; HPF, M=1=0, R=8ohm K3 Frequency Hz

1500 Hz
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Vyberieme Cast’ skriptu, ktord obsahuje Specifikaciu prenosovej funkcie filtra (vid’
obrazok)

-[of X

| ol e e o e ol ol e e ol e ol e e e e ol ol ol e e e e e e e e e ol ol el e e e ol ol ol ol el ol e e e ol ol e ol ol el e e e Y
| *#*** Elektroakustika - cwvicenie 3. tyzden *F*FFsxssiiiss _
| **** MNavrh elektrickych filtrowv FREEE LA AL L L LS

| #**** Meno Priezvizko, 3. =kupina FREFERIEEE AL LRE

| e i R e e e i o e o e o

Syv=tem TLDPEET

Eegistor TR1T HNode=1=0 R=Béhm

Bvstem TPPET

Filter TEEFLT

fo=886. 025H=z wvo=1

ib2=1;

a4=0.75; a3=1.224745; aZ=2.5; al=1.224745; al0=0.75; I
Resistor TRZ2T HNode=1=0 R=8ochm

8v=tem THEET

Filter THEF1"

fo=1500Hz wvo=1

ih2=1:;

az=1l; al=1.414214; al=1; }
Rezistor "RE3" HNode=1=0 E=8chmn
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Kliknutim na ponuku ,,Filter/LCR — synthesis otvorime dialdgové okno (vid’

obrazok)

Sem sa skopiruje
prenosova funkcia

Transfer funcho

BL - loading 1ohm

resistor __ohm..

AL - coilz Ii

quality Factor
fo - filter
frequency __Hz\

Hetwork |:| Get from

D tvpe 1 script
Hetwork Copy and
|:I tyvpe 2 |:I cloze

[ Copy including BL

Sem sa skopiruje
charakteristicka frekvencia

26. februar 2009

Synthasis of Polynomial Filters with Passive Elements

Hetwork
Max L:

Max. C:

Damp.:
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Zvolime zat’azovaci odpor filtra;

Kliknutim na tlacidlo ,,Network type 1* alebo ,,Network type 2* vygenerujeme tsek
skriptu, opisujici mozna obvodovu realizaciu prenosovej funkcie (pre zvoleny odpor
RL)

Synthesis of Polynomial Filters with Passive Elements x|

Transfer function

Hodnota
zat’azovacieho
odporu, pre ktoru
bude realizovana
syntéza obvodu

+1

1#72 + 1. 414% +1

Hetwork
BL - loading “L: 3.601mH Max. C: 28.135u Damp.:
rezistor . ohm_\
) Coil Node=1=Z L=3.601mH
L - ol Capacitor Node=2Z=0 (=2Z8.135uF

quality Factor

fo - Filter RO0Hz

frequency . _Hz..

¥o - 1

Emplific:atinn

Fezistor 'REL' HNode=Z=0 R=8ohm

First node
number

Hetwork Get from
tvpe 1 |:| script

Hetwork Copy and
I:I type 2 E cloze

[¥ Copy including RL

Vysledok syntézy:
skript obovodovej
realizacie filtra
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Skopirujeme skript do pamaéti (Copy and close) a vlozime do skriptu — na tento ucel
vytvorime samostatny systém (DPF1)

A Bil=lE]

| ol e e el e e ol e e ol e e e e e e e e e e e e e e il e e e e ol ol e e ol e e e e e e e ol e ol ol -
| #*** Elektroakustika - cvicenie 3. tyzden *FFFFsrasthass _
| #*** MNavrh elektrickych filtrowv FhRAEEEEA AL L LS

| #**** Meno Priezwviszko, 3. skupina Fhkk Lk Ak ko ki ki

| FEEEEEEETET R R I LR FT AR ETFTF R T FT R T TR TR XXX T E TR EREERR I LR TR TR ETETEE

S8v=tem TDEFT

] . Filter TDEF1T
Skript obovodovej Fo=G00Hz wvo=1
realizacie dolného (b0=1;

priepustu azZ=1; al=1.414214; al=1; }

REegistor TRE1' Node=1=0 E=8ochm

8vstem TDPEL"
Coll Node=1=2 L=3.6a01mH
Capaciter Node=2=0 C=28.135uF
REezigtor 'TRLT MNode=2=0 E=8ochm
SyntheszisInfo
Passive FirstNode=1 RL=8Bohm 0QL=0
fo=500H=z wvo=1

7~ {b0=1;
\// a2=1; al=1.414214; ad=1l; }
Informacna Sy=tem TPEFT
Cast, ktora je Filter TEPEF1T
nepovinna fo=866.025Hz vwvo=1
ih2=1;
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Analogickym
(podobnym) postupom
ziskame skripty
obvodovych realizacii
pasmoveho a horného
priepustu

[ Pasmovy priepust ]

[ Horny priepust

26. februar 2009

i Script of 3

8vztem TPPET

Filter TPEF1"
fo=866.025H=z wvo=1
thk2=1;
ad4=0.75; a3=1.224745; ad2=2.5; al=1.224745; al=0.75; 1
Resistor TRZ2'" HNode=1=0 ER=8ohm
Bvstem TPPELT
Coil MNode=1=2 IL=0.588mH
Capacitor HNode=2=0 C=24.6&618uF
Capacitor HNode=2Z=3 (C=3Z.824uF
L~ Coil Node=3=0 L=2.401lmH
REesistor Node=3=4 R=3.,4Z3chm
REezizstor Node=4=0 R=10.&7ohm
Rezizstor "RL'T MNode=4=0 E=8chm
gynthezisInfo
Pas=zive FirztNode=1 ERL=8chm QL=0
fo=0aa.02Hz wvo=1
ib2=1;
ad4=0.75; a3i=1.224745; az2==2.5; al=1.224745; al=0.75; }
gvatem THPET
Filter THEF1!
fo=1500Hz wvo=1
ib2=1;
az=1; al=1.414214; a0=1; }
Rezicstor TR3' MNode=1=0 ER=8ohm
Bvstem THPF1T
\\\Capacitor Node=1=2 =9, 378uF
Coil Node=2Z=0 L=1.ZmH
Rezsizstor "RLT MNode=Z=0 E=8chm
SynthezisInfo
Passive FirstNode=1 EL=8chm ©QL=0
fo=1.5kHz wo=1
ik2=1;
az=1l; al=1.414214; al=1; }




Zobrazime AFCH filtrov:

13. Wolkage of 3, Level [Phaze)

Uirn=0. 707 1ms —— PPF1, N=4=0. F=Sohm FL
fg | — DFF1.N=20.R=BohmRL  —— HPF1,N=2=0. R=Bohm AL Akabak [R)
I
"—\-\.\_\_\_7
10 \
20

AN
/

200 alll 100 A00 1k Ak, 10k, 20k,
Frequency Hz
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Impedancné neprisposobenie na vystupe filtra — vplyv na AFCH

1E. Yoltage of 3, Level [Phaze)

Ak je filter zataZzeny na vystupe inym odporom, nez pre aky bol navrhnuty, zmeni
sa jeho AFCH. Rozdiel medzi predpokladanou a skuto¢nou vystupnou
impedanciou je vyrazny najma vtedy, ked sa zmeni charakter impedancie, napr.
ked filter je navrhnuty na odporovu zataz a skutocna zataz je komplexna (napr.

Uin=0. 707z rezonancny obvod)
B HPF1, N=2=( R=fiohm RL \ Akibak (R] - dB
10 10
N
0 ™ I
S8v=stem THEF1T \\
Capacitor Node=1=Z C=9.378uF
Coil Node=2=0 L=1.2mH f"f’-/
Rezistor "RL' HNeode=2=[
SynthesisInfo -10
Pazzive FirstNode=1 oL=0
fo=1.5kHz wo=1
1h2=1;
a2=1; al=1.414214; a0=1; !
\ -20
-a0 / -30
-41] / -40]
20 A0 100 A00 a4 10k 20k,
— 19 %uoltage of 3, Level [Phaze], Uin=0.70"ms; HPF1. M=240, R=40hm RL Frequency Hz

26. februar 2009
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Vplyv nepresnosti hodndt pouzitych suciastok na AFCH filtra

1E. Yoltage of 3, Level [Phaze)

Uin=0.70" s
— HPF1, N=2=0, R=8ohm AL Akabak (R]  dB
10 | 10
] T 1 ] T T T
Bvstem THPFL1T
| Capacitor Node=1=2 (C=9.378uF
|Capacitor Node=1=2 C=10uF
|  Coil Node=2=0 L=1.ZmH P 0
[Coil Node=2=0 L=1mH [— — e
Re=zistor 'RL' HNode=2Z=0 R=8chm o
SyvnthesisInfo
Pas=zive FirstMNode=1 RL=8ochm QL=0
fo=1.5kHz wo=1
{hz=1; d -10
az=1; al=1.414214; al=1; '

-20 -20

30 -30

/
AN / / -40)

20 1l 100 R00 1k Ak, 10k, 20k,
— 21 Vuoltage of 3, Level [Phaze], Uin=0.70"ms; HPF1. M=2=0, K=Bohm RL Frequency Hz
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