UHOIAKH EITEZEPTAYIA YHMATOX ['.T'Aevtrc

10.

11.

12.

. Eooyowy

Yuothata Unglaxic Enelepyaotoc 2ruatoc
2IAUOTOL Xot 22U THUOTOL

Unglomolnoy Avahoyxawy Xnudte:v
Doopuxd Xpovixd Avaoleto Xuc ot
O Metaoynupatiopos 2

To Iledlo tne Xuyvotnrag

Avoroywnd Pliteo

Wnprond Didtea

Awoxprtol Optoywmvior Metaoymuotiouol
Egapuoyn oto Ynepuond Tnh /%4 Xuotiuoara

Egapuoyn otic Kateuduvtixée Xuotovylec Kepouchv



ANAAOI'TKA SIATPA

Pirtpo  (Deowuxd) Sdotnuo mou petof3dhher (nepopilet) to (ué-

TPO) TOU (PUOHUATLXOL TEEPLEYOUEVOU TWV ONUSTWY.

y(t) = h(t) xz(t) «— Y(v) = Hw) X (w)

o Durtpdpiopa

Y (w)| = |H(w)][X(w)]
o Andofeon

a = 20log (|H(w)|) dB

1. EmAoyy) Tou PETPOU TNC AmMOXELONS CLUYVOTNTAC TOU GIATEOU
H (w) xatd tov emuuntéd tpdmo.

2. Teauuw @don  Op(w) = —wiy



[Bovixd gidtpo Siéleuone yaumhay cuyvothitwy (LPF)

1wl <w
[Hep(w)| = 0 |w|>we
& W LUYVOTNTA OOXOTNG
J [H(w)|
-c¢ @c w

[Bovixd gidtpo Siéleuonc Loy ouyvotitwy (HPF)

|HHP(W)| — 1

0] |CLJ‘ < We
w| > we

1

[H(w)|

-c

@c (€}




[Sovixd wlhtpo diélevone Lovne ocuyvotiwwy (BPF)

0 wea < |w| < we

[ Hpp(w)| = 1 alov

;| H(@)]

-Mc2 -mcl

mcl c2 [6))

[Bovixd gidtpo amoxomnrc Lovne ouyvotitwy (BSF)

0 allov
H p—
[Hps(w)] 1 we < |w| < we
1] H(w)|
-MWc2 -Mcl M@cl c2 w




OIATPO LP ITIPOQTHY. TA=ZHY. RC

Vin({) C | Voull)

eclowon xuxhwuatog

d
Rcavout(t) + Uout(t) — Uin(t)

GUVIOTNOY| METAPORSC

1
H(s) = —/—F+-
14+ RC's
UETEO amOXELONG CUYVOTNTAC
1
[H(w)| = 1
Wo
Edpoc ouyvotitwy 3 db
1
[H(wo)| = —= < w3 & = wo

V2



SIATPO LP IIPQTHY. TAZHY Amp

R
Vin(f) C ; Vout()
R21
L]
i
V
GUVIOTNOY| UETAPOEEC

ey = K
1+ RCs

K Képdoc evioyuonc

R>
K=1 —
+R1



MATLAB

1
H(S):1_|_S::>|H(w)=< e T
1+(;))

b=1:
a=[1 1];
freqs(b,a)

10°

Magnitude

10_ ‘ ‘ ‘ ‘ ‘ — ‘0 ‘ ‘ ‘ ‘ ‘ — 1
10 10

Frequency (radians)

Phase (degrees)

N L L L L L L N
10° 10
Frequency (radians)




MATLAB

b=[1 0],
a=[1 1],
freqgs(b,a)

14 s

10

Magnitude

10"

100

Phase (degrees)

L
10°
Frequency (radians)

10

N
10°
Frequency (radians)




diiteo LP 3nc taéne

10° ¢

10_1 3
107

10°F

|H(w)| db

10

10°F

10°° 3

10" L : _
10 10 10




(I)O\‘CPO HP ?)Y]g ‘Ed(znq

[H(w)[ db

10°F
10°F
107 _ i)
10 10 -
w

faap =7

10



2 yedtaon Avahoywy Plitowy

"H
0dB Is((0)f

dp

ds

OWp s ®

Hpodiarypapéc

Covn diehevone 0 < w < wy
Covn anoxome wp < w < 00
Coovn PetdPaone  wp < w < wy
CUYVOTNTO DIEAEUOTC Wy

CUYVOTNTOL AMOXOTNG W

v
xupdtwon ot (ovn déheuone o, = 201049 <70) dB
1
) : ) Vo
amocfeor ot (ovn anoxoric o, = 20 109 o dB
2
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2toyoL oyedloong
wxeY) xuudtwon ot {ovr BlEAeuoNg
UEYSAT) amdoBeor) ot (wVr) Anoxomhc
wxed evpoc petafatxic {ovng

oA XUXAWUOTLXY| LAOTIONO

Mévodol oyedlaonc

diAtpa Butterworth
D{Atpa Chebychev I, 11

EMeintind ®ihtpo

12



LP
HP
BP
BS

diltpo Butterworth

()| = \/ e

|H(w)|max = [H(0)| =1
o~ QOnlog(i)
Wo
w3 dB — Wo

Kavovixornowmuévo gliktpo Butterworth

[b,a]= butter(N,Wn,’'s")

[b,a]= butter(N,Wn, high’,'s")

[b,a]= butter(N,Wn,'s’), Wn=[W1 W2]
[b,a]= butter(N,Wn,’'stop’,’'s’), Wn=[W1 W2]
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Andxplomn cuYVOTNTIC XAUVOVIXOTIOUNUEVOL GLATEOU

[H(c)| db

10°

10°

»-\
S

H
S,

102

1070

10 —
10

. .
0™ 10°

OLEAEUOTIC YOUNAGY CUYVOTHTWY, Tdewc n = 1,2... 10.

10° 14
107 F
12
107 F
y 1
10° F
10°
08l
2
o =
310 g
i =
» 06l
10
-14
0 04
107
02}
10715 L
-20
10 ! 0
107 107" 10° 10" 107
w

Andxpion ouyvotnrog xavovixonolnuevou gilteou Butterworth oié-

Aevone LPNAQY cuyvothtwy, Taéewe n = 1,2...10.
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diAtpa Chebychev

1
|H(w)| = \/1 T e202(2)

Cr(w) = cos(n cos™H(w))

| H(w)| | H(0)] —1 - o
H max = |H = 1 —
— n= 2k + 1

a ~ 20n109(2) + (20log(e) + 20(n — 1)log(2))
Wo
w3 dB — Wo
Kavovixornowmuévo giktpo Chebychev

LP [b,a]J= chebyl(N,R,Wn,'s")
HP [b,a]= chebyl(N,R,Wn, high',’'s")
BP [b,a]J= chebyl(N,R,Wn,'s’), Wn=[W1 W2]
BS [b,a]= chebyl(N,R,Wn,’'stop’,'s’), Wn=[W1 W2]

‘Opowa vy cheby2(.).
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Andxplom cuYVOTNTIC XAUVOVIXOTIOUNUEVOL GLATEOU

10°

10

[H(c)| db

10°

01

107

10

T
-5 %
-10
15
20
! .
? 107" 10°
w

10

I, ap = 0.5 dB, déheuonc yoaunAdv ouYVOTHTWY, TACEWS N =

1,2...10.

10
10° L 08 B
071 B
100 06/ b
a
= B
@ ¥ 05 q
3 I
10758 04 b
03 B
107 021 il
01
10725 2 1 ‘ 0 1 0 -2 -1 0 1
10° 10” 10 10 10 10 10 10
w

Andxplon ocuyvotnroc xoavovixonolnuévou giktpou Chebychev-I,

ap = 0.5 dB, diéhevonc uPnhay cuyvothtwy, Tatewnen = 1,2...10.

16



Andxplom cuYVOTNTIC XAUVOVIXOTIOUNUEVOL GLATEOU

II, ap = 0.5 dB, d€hcuonc Yoy cLuYVOTHTWY, TAEEWS N =

10

|H(w)| db

1,2...10.

107

107

10°F

,a
S,
ES

,a
S,

10°

107

10°

10°

10° 10"

Andxplon cuyvotntoc xavovxonomuevou gihteou Chebychev-II,
ap = 0.5 dB, diéhevonc uPnhay cuyvothtwy, Tatewnen = 1,2...10.
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Andxplon cuyYVOTNTOC XUVOVIXOTIONUEVOU EARELTTIXOU PIATEOL, 0y =

10° . 1
09
107
08t
107 07k
- 06
10
% 3Sos
£ .,
10 04l
10° 03f
02t
10°
01t
107 o
107 107 10° 10" 107 107 10° 10"
w w
0.5 dB
as = 20 dB, diéheuong younhwv cuyvotitwy, tdewcn = 1,2... 10.
10° 1.4 T :
07 120
10°F
1
R 08t
B " osl
10°F
o 0.4
10°F ]
107k ] 02t &
10° = S , 0 = o
10 10 10 10 10 10 10 10

Andxplomn cuyVOTNTOC XOUVOVIXOTIONUEVOL EAAELTTIXOU (PIATEOU, aryy =
0.5 dB, as; = 20 dB, dieuong udnAcdv cuyvothtwy, Tdewe
n=1,2...10.
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Metaoynuatiopol Plitewy

o Hjp(s) xovovxomoinuévo QIATEO BIEAEUCTC YOUNAWY CUYVOTY-
TV, w, =1

o Hp(S) @htpo emBUULTHV YOLOXTNELT TIXY

Hp(S) = Hrp(s)|s=gs)

LP s = wy,S
HP s =%
BP | s=5t
BS | s = (wQ or)S
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No oyedlaoter gplhtpo Butterworth LP pe mpooiarypagpec
wp =35 KHz,ws=4.0 KHz, o =1, as = 20 dB.
w1=3500;
w2=4000;
[n,wo]=buttord(w1l,w2,1,20,'s")
[b,a]=butter(n,wo,'s")

freqs(b,a)

= =
o o
[ =)
AN
o
T T

Magnitude
=
o

=

o,
w
S

-
© 1
A

10° 10* 10°
Frequency (radians)

= o
(=]
N

200

100~

-100 \
. . . . M |

200 2 ‘ 3 - 4 - 5
10 10 10 10
Frequency (radians)

Phase (degrees)
o
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No oyedlaoter gplhtpo Butterworth H P ye mpodiorypope
ws =35 KHz, wp, =40 KHz, op =1, as = 20 dB.
w1l=4000;
w2=3500,
[n,wo]=buttord(w1l,w2,1,20,'s")
[b,a]=butter(n,wo,'s")

freqs(b,a)

10°

=

o,
o
1=}

Magnitude

=

o
N
o

107150 Ll R L R i R L Ll Ll
10° 10" 107 10° 10* 10°
Frequency (radians)

200

100~

Phase (degrees)
o

-100 \

-200

10° 10" 107 10° 10* 10°
Frequency (radians)
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No oyedlaotel gplhtpo Butterworth BP ye mpodlorypopeg
wp =1[4,8] KHz, ws = [3.5,8.5]KHz, ap = 1, as = 20 dB.
w1l=4000;
w2=3500;
[n,wo]=buttord(w1l,w2,1,20,'s")
[b,a]=butter(n,wo,'s’)

freqs(b,a)

10°

Magnitude
=
o

107100 Ll R L R i R L Ll L
10° 10" 107 10° 10* 10°
Frequency (radians)

200

100~

Phase (degrees)
o

-100

—200 mo ‘ 1 ‘ 2 ‘ 3 ““4 ms
10 10 10 10 10 10
Frequency (radians)
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No oyedlaoter gplhtpo Butterworth BSS ye npoduorypopeg
ws = [4,8] KHz, w, = [3.5,8.5]KHz, ap = 1, as = 20 dB.
w1l=4000;
w2=3500,
[n,wo]=buttord(w2,w1,1,20,'s")
[b,a]=butter(n,wo,’'stop’,’'s")

freqs(b,a)

10°

Magnitude
=
O\

=

oI
fiN
S

10 — — = =
10 10 10 10
Frequency (radians)

200

100~

L L L N | L

—200 2 3 - 4 ‘ 5
10 10 10 10
Frequency (radians)

Phase (degrees)
o
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Magnitude
e
°,
g
I
Magnitude

i
1S
I

10710 I I I I I 10 I I
10 10 10* 10 10
Frequency (radians) Frequency (radians)

200 200

100

=
1}
S)
T
I

Phase (degrees)
o
T
I
Phase (degrees;
o

—100 b —-100

—200 I I = I I 200
10 10 10 10 10 10 10
Frequency (radians) Frequency (radians)

(Ntpow BP BS Butterwo

10° 10°
107 4 -
° 107 1 g
kS 3
- 2
£10 " — (=
5 5
s b
1071 E
107 B
lo"m L L 10’]50 L L L L L
10° 10° 10* 10° 10° 10 10° 10° 10* 10°
Frequency (radians) Frequency (radians)
200 200
& 100 & 100F f
A ¢
] 8
=3 =)
g g
S o0 g of ]
° P
3 8
8 g
£ g
& -100 & —100F 1
-200 2 -200 ! 0 ! 1 ! 2 ! 3 ! 4 5
10 10 10 10 10 10 10
Frequency (radians) Frequency (radians)

LP HP
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10° 10° — —
107 4 10° b b
] 8
E} ]
£107 g £10 b
5 5
g g
= =
107 B 107°F b
10’40 L L L L L 10’25' L L
10° 10" 10° 10° 10* 10° 10° 10° 10* 10°
Frequency (radians) Frequency (radians)
200 200
& 100F B & 100
[ 4
3 3
=3 =3
g of 112 o
@ @
3 2
@ 2
& £
& -100F B & -100
—200 S gy S = ) 5 -200
10 10 10 10 10 10 10
Frequency (radians) Frequency (radians)
i\t BP BS Chebyche
10° T 10°
10 g
@ o
4 ]
2 2., 20
= £ 10 B
g g
= =
107 E
1075 1 ! 2 ! 3 4 10740 ! 0 ! 1 ! 2 ! 3 ! 5
10 10 10 10 10 10 10 10 10* 10°
Frequency (radians) Frequency (radians)
200 200
& 100 & 100F R
] 4
8 ]
=3 =3
s o g ol 1
o @
3 3
& &
£ £
& -100 & -100F N B
-200 1 ‘2 ‘3 4 -200 ‘0 ‘1 ‘2 ‘3 ! 5
10 10 10 10 10 10 10 10 10* 10
Frequency (radians) Frequency (radians)

LP

HP
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Magnitude

=
o,

Magnitude

.
107 107 10

Frequency (radians)

Frequency (radians)

Phase (degrees)
o
T

—-100 -

=
o
S

Phase (degrees)

-200

1
10" 10° 10
Frequency (radians)

10* 10
Frequency (radians)

i\t BP

Chebyche

Magnitude
[
S

N
S

Magnitude
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Frequency (radians)

10 10 10
Frequency (radians)

e
o
S
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Phase (degrees)
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10

HP
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Pihtpa EMeittind

10° 10° T
o _
o 107°H B o107 E
b ]
2 2
2 2
g £
10+ E 107} E
10° 2 o " 5 107 2 ) " 5
10 10 10 10 10 10 10 10
Frequency (radians) Frequency (radians)
200 200
& 100 % 100
4 4
o o
> >
& &
s 0 = 0
@ @
& &
3 3
£ £
& -100 & -100
-200 -200 5 S " s
10 10 10 10 10
Frequency (radians) Frequency (radians)

LP HP

10 10
n 107 E
L) 10 [}
3 ]
E £ 107
£ £ 10 E
5 5
s - H
10°E 4
10°F E
1073 2 ! 3 ! 4 5 1074 2 ! 3 ! 5
10 10 10 10 10 10 10 10°
Frequency (radians)

Frequency (radians)

200 200
& 100 & 100
] 4
8 ]
=3 =3
5 g
= 0 = o0
@ @
3 3
g &
£ £
& _100 & _100
-200 S - . -200
10 10 10 10” 10
Frequency (radians)

Frequency (radians)

BP BS
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TdEn n Tou plATeou

20v7xpLoN

LP
HP
BP
BS

B
23
23
18
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