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YHFIAKA FILTRA

FÐltro (Grammikì) SÔsthma DiakrttoÔ Qrìnou pou metab�llei
(periorÐzei) to (mètro) tou fasmatikìu perieqìmenou twn shm�twn.

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

• Filtr�risma:

|Y (ω)| = |H(ω)||X(ω)|
• Apìsbesh

α = 20 log (|H(ω)|) dB

1. Epilog  tou mètrou thc apìkrishc suqnìthtac tou fÐltrou
H(ω) kat� ton epijumhtì trìpo.

2. Grammik  f�sh ΘH(ω) = −ωk

Parat rhsh: Lìgw thc peridikìthtac (deigmatolhyÐa kai DFT)

ω :=
ω

ωs/2

ìpou ωs h kuklik  suqnìthta deigmatolhyÐac
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Idanikì fÐltro dièleushc qamhl¸n suqnot twn (LPF)

|HLP(ω)| = 1 |ω| < ωc

0 ωc < |ω| < π

• ωc: Suqnìthta apokop c
Idanikì fÐltro dièleushc uyhl¸n suqnot twn (HPF)

|HHP(ω)| = 0 |ω| < ωc

1 |ωc| < ω| < π

Idanikì fÐltro dièleushc z¸nhc suqnot twn (BPF)

|HBP(ω)| = 1 ωc1 < |ω| < ωc2

0 αλλoυ

Idanikì fÐltro apokop c z¸nhc suqnot twn (BSF)

|HBS(ω)| = 0 αλλoυ
1 ωc1 < |ω| < ωc2
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SqedÐash FÐltrwn

Prodiagrafèc

• z¸nh dièleushc 0 < ω < ωp

• z¸nh apokop c ωp < ω < π

• z¸nh met�bashc ωp < ω < ωs

• suqnìthta dièleushc ωp

• suqnìthta apokop c ωs

• kum�twsh sth z¸nh dièleushc αp = 20 log

(
V0

V1
)

)
dB

• apìsbesh sth z¸nh apokop c αs = 20 log

(
V0

V2
)

)
dB

Stìqoi sqedÐashc

• mikr  kum�twsh sth z¸nh dièleushc

• meg�lh apìsbesh sth z¸nh apokop c

• mikrì eÔroc metabatik c z¸nhc

• apl  kuklwmatik  ulopoÐhsh
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Mèjodoi sqedÐashc anadromik¸n fÐltrwn basismènec se analogik�
fÐltra

y(n) =

q∑

i=1

aiy(n− i) +

p∑

i=0

bix(n− i)

• FÐltra Butterworth

• FÐltra Chebychev I, II

• Elleiptik� FÐltra

• ...

Mèjodoi sqedÐashc fÐltrwn peperasmènhc kroustik c apìkrishc
(FIR

y(n) =

p∑

i=0

bix(n− i)

• Mèjodoc parajÔrwshc

• Isokumatik  mèjodoc
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Mèjodoi sqedÐashc anadromik¸n fÐltrwn basismènec se analogik�
fÐltra

FÐltra Butterworth

|H(ω)| =
√

1

1 + ( ω
ωo
)2n

FÐltra Chebychev tÔpou I

|H(ω)| =
√

1

1 + ε2C2
n(

ω
ωo
)

FÐltra Chebychev tÔpou II

|H(ω)| =
√

εCn(
ω
ωo
)

1 + ε2C2
n(

ω
ωo
)

Elleiptik� FÐltra

|H(ω)| =
√

1

1 + ε2G2
n(

ω
ωo
)

6



Metasqhmatismìc tou analogikoÔ FÐltrou se Yhfiakì

• Digrammikìc metasqhmatismìc

s =
2

T

z − 1

z + 1

• AnalloÐwto kroustik c apìkrishc

•
z = esT

• Proc ta pÐsw diafìrish

s =
1− z−1

T
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Yhfiakèc prodiagrafèc

• Sun�rthsh strèblwshc suqnìthtac (warping)

ω = 2arctan

(
ΩTs

2

)

 

Ω =
2

Ts
tan(

ω

2
)

• SqedÐash analogikoÔ fÐltrou H(s)

Ωi, |H(ω)|

•
H(z) = H(s)|s=1−z−1

T

MATLAB
Kanonikopoihmèno fÐltro Butterworth

LP [b,a]= butter(N,Wn)
HP [b,a]= butter(N,Wn,’high’)
BP [b,a]= butter(N,Wn), Wn=[W1 W2]
BS [b,a]= butter(N,Wn,’stop’), Wn=[W1 W2]
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Na sqediastei fÐltro Butterworth LP me prodiagrafèc

ωs = 8 KHz, ωp = 1 KHz, ωc = 2.0 KHz, αp = .1, αs =
80 dB.

fs=8000; fp=1000; fc=2000;

ap=.1; as=80;

w1=fp/(.5*fs); w2=fc/(.5*fs);

[n,wo]=buttord(w1,w2,ap,as)

[b,a]=butter(n,wo)

freqz(b,a,1024,fs)
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FÐltra
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Chebychev-II
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Elleiptik� LP
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Butterworth
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SÔgkrish

Na sqediastei fÐltro Butterworth LP me prodiagrafèc

ωs = 8 KHz

ωp = 1 KHz, ωc = 2.0 KHz

αp = .1 dB, αs = 80 dB.

• T�xh n tou fÐltrou

• Pl joc suntelest¸n yhfiakoÔ fÐltrou N

B C − I C − II EL
n 13 8 8 6
N 27 17 17 13
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SqedÐash fÐltrwn FIR

H(ω) =⇒ h(n)

h(n) =
1

Fs

∫ Fs
2

−Fs
2

H(f)e2πfnTdf

• Apokop  kentrikoÔ tm matoc thc apìkrishc h(n).

h(n), n = [−M, . . .0, . . . M ], M =
N − 1

2
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FIR yhfiakì fÐltro

h(n−M), n = [0,1, . . . N − 1], M =
N − 1

2
Qamhloperatì

2fcT sinc (2πfcT (n−M)) , fc =
fp + fs

2
Uyiperatì

δ(n)− 2fcT sinc (2πfcT (n−M)) , fc =
fp + fs

2

Zwnoperatì

2fc2T sinc (2πfc2T (n−M))− 2fc1T sinc (2πfc1T (n−M))

fc1 =
fp1 + fs1

2
, fc2 =

fp2 + fs2

2
Zwnofraktikì

δ(n)−2fc2T sinc (2πfc2T (n−M))+2fc1T sinc (2πfc1T (n−M))

fc1 =
fp1 + fs1

2
, fc2 =

fp2 + fs2

2

sinc(x) =
sin(x)

x
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• Par�deigma

Fs = 8 KHz, fp = 1 KHz, fs = 2 KHz, N = 31

SqedÐash
M = 15, fc = 1.5 KHz

h(n) = 7.5sinc(7.5π(n− 15)), n = 0,1, . . .30
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Qr sh parajÔrou

• W (k) Par�juro

hw(k) = h(k)w(k)

• W (k), k = 0,1, . . . N − 1

Tetragwnikì, ap = 0.9 dB, as = 20 dB

W (k) = 1, k = 0,1, . . . N − 1

Hamming, ap = 0.09 dB, as = 40 dB

W (k) = 0.54− 0.46cos(
2πk

N − 1
), k = 0,1, . . . N − 1

Blackman, ap = 0.009 dB, as = 60 dB

W (k) = 0.42− 0.50cos(
2πk

N − 1
) + 0.08cos(

4πk

N − 1
)+

k = 0,1, . . . N − 1

Kaiser ...

Hanning ...
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• Par�deigma

Fs = 8 KHz, fp = 1 KHz, fs = 2 KHz, N = 31

Fs=8000; fp=1000; fs=2000;

fc=.5*(fs+fp); wc=fc/(.5*Fs); n=30

[b,a]=fir1(n,wc,boxcar(n+1))

stem(b,’fill’), freqz(b,a,1024,Fs)
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FÐltra
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Blackman
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Kaiser LP N = 31
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Tetragwnikì
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FÐltra
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Blackman
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Kaiser LP, N = 101
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Tetragwnik’o
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Par�deigma: Filtr�risma s matoc fwn c

0 0.5 1 1.5 2 2.5 3 3.5 4

x 10
4

−0.2

−0.1

0

0.1

0.2

0.3
mary has a little lamp

Time

F
re

q
u

e
n

c
y

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
0

1000

2000

3000

4000

19



0 500 1000 1500 2000 2500 3000 3500 4000
10

−10

10
−5

10
0

 low pass filter 

 frequency 

 fr
eq

. r
es

po
ns

e 
(d

b)

0 500 1000 1500 2000 2500 3000 3500 4000
10

−5

10
0

 band pass filter 

 frequency 

 fr
eq

. r
es

po
ns

e 
(d

b)

0 500 1000 1500 2000 2500 3000 3500 4000
10

−10

10
−5

10
0

 high pass filter 

 frequency 

 fr
eq

. r
es

po
ns

e 
(d

b)

20



0 0.5 1 1.5 2 2.5 3 3.5 4

x 10
4

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

0.2
mary has a little lamp − low 

Time

Fre
que

ncy

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
0

1000

2000

3000

4000

0 0.5 1 1.5 2 2.5 3 3.5 4

x 10
4

−0.05

0

0.05
mary has a little lamp − band 

Time

Fre
que

ncy

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
0

1000

2000

3000

4000

0 0.5 1 1.5 2 2.5 3 3.5 4

x 10
4

−4

−2

0

2

4
x 10

−3 mary has a little lamp − high 

Time

Fre
que

ncy

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
0

1000

2000

3000

4000

21


