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ANALOGIKA FILTRA

FÐltro (Grammikì) SÔsthma pou metabĹllei (periorÐzei) to (mè-
tro) tou fasmatikìu perieqìmenou twn shmĹtwn.

y(t) = h(t) ? x(t) ←→ Y (ω) = H(ω)X(ω)

• FiltrĹrisma:

|Y (ω)| = |H(ω)||X(ω)|
• Apìsbesh

α = 20 log (|H(ω)|) dB

1. Epilogă tou mètrou thc apìkrishc suqnìthtac tou fÐltrou
H(ω) katĹ ton epijumhtì trìpo.

2. Grammikă fĹsh ΘH(ω) = −ωtd
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Idanikì fÐltro dièleushc qamhlÿn suqnotătwn (LPF)

|HLP(ω)| = 1 |ω| < ωc

0 |ω| > ωc

• ωc: Suqnìthta apokopăc

Idanikì fÐltro dièleushc uyhlÿn suqnotătwn (HPF)

|HHP(ω)| = 0 |ω| < ωc

1 |ω| > ωc
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Idanikì fÐltro dièleushc zÿnhc suqnotătwn (BPF)

|HBP(ω)| = 0 ωc1 < |ω| < ωc2

1 αλλoυ

Idanikì fÐltro apokopăc zÿnhc suqnotătwn (BSF)

|HBS(ω)| = 0 αλλoυ
1 ωc1 < |ω| < ωc2
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FILTRO LP PRWTHS TAXHS RC

• exÐswsh kuklÿmatoc

RC
d

dt
vout(t) + vout(t) = vin(t)

• sunĹrthsh metaforĹc

H(s) =
1

1 + RCs

• mètro apìkrishc suqnìthtac

|H(ω)| = 1
(
1 +

(
ω

ωo

)2
)1

2

• EÔroc suqnotătwn 3 db

|H(ωo)| = 1√
2
↔ ω3 db = ωo
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FILTRO LP PRWTHS TAXHS Amp

• sunĹrthsh metaforĹc

H(s) =
K

1 + RCs

• K Kèrdoc enÐsqushc

K = 1 +
R2

R1
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MATLAB

H(s) =
1

1 + s
=⇒ |H(ω)| = 1

(
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)2
)1

2

b=1;

a=[1 1];
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MATLAB

H(s) =
s

1 + s
=⇒ |H(ω)| =

ω
ωo(
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FÐltro LP 3hc tĹxhc

H(s) =

(
1

1 + s

)3

← |H(ω)| = 1
(
1 +

(
ω
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)2
)3
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FÐltro HP 3hc tĹxhc

H(s) =

(
s

1 + s

)3

← |H(ω)| =
ω
ωo

3

2

(
1 +

(
ω

ωo

)2
)3

2

10
−1

10
0

10
1

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

ω

|H
(ω

)|
 d

b

f3 db =?

10



SqedÐash Analogikÿn FÐltrwn

Prodiagrafèc

• zÿnh dièleushc 0 < ω < ωp

• zÿnh apokopăc ωp < ω < ∞

• zÿnh metĹbashc ωp < ω < ωs

• suqnìthta dièleushc ωp

• suqnìthta apokopăc ωs

• kumĹtwsh sth zÿnh dièleushc αp = 20 log

(
V0

V1

)
dB

• apìsbesh sth zÿnh apokopăc αs = 20 log

(
V0

V2

)
dB
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Stìqoi sqedÐashc

• mikră kumĹtwsh sth zÿnh dièleushc

• megĹlh apìsbesh sth zÿnh apokopăc

• mikrì eÔroc metabatikăc zÿnhc

• aplă kuklwmatikă ulopoÐhsh

Mèjodoi sqedÐashc

• FÐltra Butterworth

• FÐltra Chebychev I, II

• ElleiptikĹ FÐltra

• ...
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FÐltra Butterworth

|H(ω)| =
√

1

1 + ( ω
ωo
)2n

|H(ω)|max = |H(0)| = 1

α ≈ 20n log(
ω

ωo
)

ω3 dB = ωo

Kanonikopoihmèno fÐltro Butterworth

LP [b,a]= butter(N,Wn,’s’)
HP [b,a]= butter(N,Wn,’high’,’s’)
BP [b,a]= butter(N,Wn,’s’), Wn=[W1 W2]
BS [b,a]= butter(N,Wn,’stop’,’s’), Wn=[W1 W2]
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Apìkrish suqnìthtac kanonikopoihmènou fÐltrou
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Butterworth
dièleushc qamhlÿn suqnotătwn, tĹxewc n = 1,2 . . .10.
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Apìkrish suqnìthtac kanonikopoihmènou fÐltrou Butterworth diè-
leushc uyhlÿn suqnotătwn, tĹxewc n = 1,2 . . .10.
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FÐltra Chebychev

|H(ω)| =
√

1

1 + ε2C2
n(

ω
ωo
)

Cn(ω) = cos(n cos−1(ω))

|H(ω)|max = |H(0)| =
{

1 n = 2k
1√
1+ε2

n = 2k + 1

α ≈ 20n log(
ω

ωo
) + (20log(ε) + 20(n− 1)log(2))

ω3 dB = ωo

Kanonikopoihmèno fÐltro Chebychev

LP [b,a]= cheby1(N,R,Wn,’s’)
HP [b,a]= cheby1(N,R,Wn,’high’,’s’)
BP [b,a]= cheby1(N,R,Wn,’s’), Wn=[W1 W2]
BS [b,a]= cheby1(N,R,Wn,’stop’,’s’), Wn=[W1 W2]

’Omoia gia cheby2(.).
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Apìkrish suqnìthtac kanonikopoihmènou fÐltrou
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Chebychev-
I, αp = 0.5 dB, dièleushc qamhlÿn suqnotătwn, tĹxewc n =
1,2 . . .10.
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Apìkrish suqnìthtac kanonikopoihmènou fÐltrou Chebychev-I,
αp = 0.5 dB, dièleushc uyhlÿn suqnotătwn, tĹxewc n = 1,2 . . .10.

16



Apìkrish suqnìthtac kanonikopoihmènou fÐltrou
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Chebychev-
II, αp = 0.5 dB, dièleushc qamhlÿn suqnotătwn, tĹxewc n =
1,2 . . .10.
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Apìkrish suqnìthtac kanonikopoihmènou fÐltrou Chebychev-II,
αp = 0.5 dB, dièleushc uyhlÿn suqnotătwn, tĹxewc n = 1,2 . . .10.
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Apìkrish suqnìthtac kanonikopoihmènou elleiptikoÔ fÐltrou, αp =

0.5

10
−2

10
−1

10
0

10
1

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

ω

|H
(ω

)| 
db

10
−2

10
−1

10
0

10
1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

ω

|H
(ω

)| 
dB,

αs = 20 dB, dièleushc qamhlÿn suqnotătwn, tĹxewc n = 1,2 . . .10.

10
−2

10
−1

10
0

10
1

10
−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

ω

|H
(ω

)| 
db

10
−2

10
−1

10
0

10
1

0

0.2

0.4

0.6

0.8

1

1.2

1.4

ω

|H
(ω

)| 

Apìkrish suqnìthtac kanonikopoihmènou elleiptikoÔ fÐltrou, αp =
0.5 dB, αs = 20 dB, dièleushc uyhlÿn suqnotătwn, tĹxewc
n = 1,2 . . .10.
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MetasqhmatismoÐ FÐltrwn

• HLP(s) kanonikopoihmèno fÐltro dièleushc qamhlÿn suqnotă-
twn, ωo = 1

• HD(S) fÐltro epijumitÿn qarakthristikÿn

HD(S) = HLP(s)|s=g(S)

LP s = ωoS
HP s = ωo

S

BP s = S2+ω2

ω2−ω1

BS s = (ω2−ω1)S
S2+ω2
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Na sqediastei fÐltro Butterworth LP me prodiagrafèc

ωp = 3.5 KHz, ωs = 4.0 KHz, αp = 1, αs = 20 dB.

w1=3500;

w2=4000;

[n,wo]=buttord(w1,w2,1,20,’s’)

[b,a]=butter(n,wo,’s’)
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Na sqediastei fÐltro Butterworth HP me prodiagrafèc

ωs = 3.5 KHz, ωp = 4.0 KHz, αp = 1, αs = 20 dB.

w1=4000;

w2=3500;

[n,wo]=buttord(w1,w2,1,20,’s’)

[b,a]=butter(n,wo,’s’)

freqs(b,a)
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Na sqediastei fÐltro Butterworth BP me prodiagrafèc

ωp = [4,8] KHz, ωs = [3.5,8.5]KHz, αp = 1, αs = 20 dB.

w1=4000;

w2=3500;

[n,wo]=buttord(w1,w2,1,20,’s’)

[b,a]=butter(n,wo,’s’)

freqs(b,a)
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Na sqediastei fÐltro Butterworth BS me prodiagrafèc

ωs = [4,8] KHz, ωp = [3.5,8.5]KHz, αp = 1, αs = 20 dB.

w1=4000;

w2=3500;

[n,wo]=buttord(w2,w1,1,20,’s’)

[b,a]=butter(n,wo,’stop’,’s’)
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FÐltra
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FÐltra
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FÐltra
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FÐltra ElleiptikĹ
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SÔgkrish

• TĹxh n tou fÐltrou

B C − I C − II EL
LP 23 7 7 4
HP 23 7 7 4
BP 18 7 7 4
BS 18 7 7 4
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