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YHFIOPOIHSH ANALOGIKWN SHMATWN

YhfiopoÐhsh = DeigmatolhyÐa + KbĹntish

• KatĹ thn (periodikă) deigmatolhyÐa enìc analogikoÔ sămatoc
(sămatoc suneqoÔc qrìnou) lambĹnoume deÐgmata (stigmiìtupa) tou
sămatoc suneqoÔc qrìnou se taktĹ qronikĹ diastămata

v(n) = v(nTs)

• PerÐodoc deigmatolhyÐac: Ts sec

• Suqnìthta deigmatolhyÐac: Fs =
1

Ts
Hz ă kÔkloi/sec
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TO JEWRHMA THS DEIGMATOLHYIAS

H suqnìthta deigmatolhyÐac enìc sămatoc basikăc zÿnhc prèpei
na eÐnai toulĹqiston diplĹsia apì th mègisth suqnìthta fmax tou
eiserqìmenou sămatoc gia na apofÔgoume to fainìmenh thc fasma-
tikăc anadÐplwshc (aliasing).

Fs ≥ 2fmax

ă

Ts ≤ 1

2Tmax

• H. Nyquist ’Certan topics in telegraph transmission
theory’, AIEE Trans. (47), pp. 616-644, 1928

• C. Shannon ’Communications in the presence of
noise’, Proc. IRE, (37), pp. 10-21, 1949.
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PARADEIGMA
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• Analogikì săma (kìkkino)

• Deigmatolhpthmèno săma (mplè)

• Săma exìdou thc monĹdac deigmatolhyÐac/katakrĹthshc (prĹ-
sino)
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Fs = 8 Hz, fmax = 1 Hz

0 2 4 6 8 10 12 14 16 18 20
−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

Fs = 8 Hz, fmax = 2 Hz
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Fs = 8 Hz, fmax = 4 Hz
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TO FAINOMENO THS ANADIPLWSHS FASMATOS

Fs = 8 Hz kai fmax = 10 Hz
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H mègisth suqnìthta tou sămatoc eÐnai profanÿc megalÔterh apì
th Fs/2. ’Ara, h deigmatolhyÐa odhgeÐ se alloiwmèno săma. Lìgw
thc anadÐplwshc tou fĹsmatoc, to deigmatolhpthmèno săma faÐnetai
na antistoiqeÐ se săma suqnìthtac f ′ = 2 Hz.
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JEWRHMA DEIGMATOLHYIAS - SUNEQEIA

• x(t) analogikì săma ⇐⇒ X(ω) metasqhmatismìc Fourier

X(ω) =

∫ ∞

−∞
x(t)e−ωtdt

x(t) =
1

2π

∫ ∞

−∞
X(ω)eωtdω

• xs(n) ≡ x(nTs) to deigmatolhpthmèno săma

⇐⇒ X(Ω) metasqhmatismìc Fourier diakritoÔ qrìnou

Xs(Ω) =
∞∑

n=−∞
xs(n)e−Ωn

xs(n) =
1

2π

∫ π

−π

Xs(Ω)eΩndΩ

ωTs = Ω
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ApodeiknÔetai ìti

Xs(ωTs) =
1

Ts

∞∑

k=−∞
X(ω +

2kπ

Ts
)

ă

Xs(Ω =
1

Ts

∞∑

k=−∞
X(

Ω + 2kπ

Ts
)

Xs(ωTs) =
1

Ts
[...X(ω − 2p

Ts
) + X(ω) + X(ω +

2π

T2
) + ...]

• Sunjăkh apofugăc fasmatikăc epikĹluyhc

ωmaxTs

2
≤ 2π − ωmaxTs

2

ă

ωmax ≤ 2π

Ts
⇐⇒ Fs ≥ 2fmax
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Fasmatikă anĹlush tou deigmatolhpthmènou sămatoc
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AnasÔstash sămatoc

x(t) =
1

2π
∞

π

Ts

− π

Ts

X(ω)eωtdω

ă

x(t) =
∞∑

n=−∞
x(nTs)sinc(

t− nTs

Ts
)

sinc(t) =
sin(t)

t
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PRAKTIKH DEIGMATOLHYIAS

• EÔresh thc mègisthc suqnìthtac pou perièqei to săma, fmax

• Upologismìc thc suqnìthtac Nyquist, FN = 2fmax

• Upologismìc thc suqnìthtac deigmatolhyÐac Fs ≈ FN +
20%

• SqedÐash antiparapoihtikoÔ fÐltou qamhlÿn suqnotătwn [0, fmax]

me suqnìthta apokopăc fstop =
Fs

2

• ParĹdeigma: SqediĹste to sÔsthma deigmatolhyÐac gia săma
mousikăc me fmax = 20 kHz.

fmax = 20 kHz ⇒ FN = 40 kHz ⇒ Fs = 44 kHz

Prodiagrafèc antiparapoihtikoÔ fÐltrou: LP [0,20] kHz me suq-
nìthta apokopăc fstop = 22 kHz.
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KBANTISH SHMATOS DIAKRITOU QRONOU

vq(n) = Q(v(n)

• YhfiopoÐhsh plĹtouc

• Metatropă tou analogikoÔ plĹtouc se yhfiakì arijmì eÔrouc
B bits

• EpÐpeda kbĹntishc : L = 2B

• Băma kbĹntishc: Q = App

L

• To analogikì plĹtoc antistoiqÐzetai sto plhsièstero epÐpedo
kbĹntishc

• H diadikasÐa thc kbĹntishc ’ alloiÿnei ’ to analogikì săma, h
apÿleia plhroforÐac perigrĹfetai me thn eisagwgă tou săma-
toc jorÔbou kbĹntishc

• Jìruboc kbĹntishc = (Analogikă timă sămatoc) -(Kbantismènh
timă sămatoc)
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• ParĹdeigma

• x(t) = cos(2πt), fmax = 1 Hz

• Fs = 20 Hz

• B = 4, L = 16, Q = 0.125
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Deigmatolhpthmèno săma
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Kbantismèno săma
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Jìruboc kbĹntishc
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SunĹrthsh metaforĹc kbantistă



KbĹntish B = 2 bits
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Deigmatolhpthmèno săma
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Kbantismèno săma
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KbĹntish B = 3 bits
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Deigmatolhpthmèno săma
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Kbantismèno săma
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KbĹntish B = 8 bits
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Deigmatolhpthmèno săma
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Kbantismèno săma
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SunĹrthsh metaforĹc kbantistă
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v(n) vq(n)
B = 2 B = 3 B = 4 B = 8

0 0 0 0 0
0.3090 0.5000 0.2500 0.2500 0.3125
0.5878 0.5000 0.5000 0.6250 0.5859
0.8090 0.5000 0.7500 0.7500 0.8125
0.9511 0.5000 0.7500 0.8750 0.9531
1.0000 0.5000 0.7500 0.8750 0.9922
0.9511 0.5000 0.7500 0.8750 0.9531
0.8090 0.5000 0.7500 0.7500 0.8125
0.5878 0.5000 0.5000 0.6250 0.5859
0.3090 0.5000 0.2500 0.2500 0.3125
0.0000 0 0 0 0
-0.3090 -0.5000 -0.2500 -0.2500 -0.3125
-0.5878 -0.5000 -0.5000 -0.6250 -0.5859
-0.8090 -1.0000 -0.7500 -0.7500 -0.8125
-0.9511 -1.0000 -1.0000 -1.0000 -0.9531
-1.0000 -1.0000 -1.0000 -1.0000 -1.0000
-0.9511 -1.0000 -1.0000 -1.0000 -0.9531
-0.8090 -1.0000 -0.7500 -0.7500 -0.8125
-0.5878 -0.5000 -0.5000 -0.6250 -0.5859
-0.3090 -0.5000 -0.2500 -0.2500 -0.3125
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JORUBOS KBANTISHS

v(n) = vq(n) + e(n)

e(n) Jìruboc kbĹntishc

e(n) ∈ (−Q

2
,

Q

2
)

• Paradoqèc

• to săma e(n) eÐnai statikă stoqastikă diadikasÐa

• ta sămata v(n) kai e(n) eÐnai statistikĹ asusqètista

• Omoiìmorfh katanomă sunĹrthshc puknìthtac pijanìthtac tou
e(n), (p(e) = 1/Q, e ∈ [−Q/2, Q/2])

IsqÔc tou sămatoc jorÔbou kbĹntishc

σ2 = E(e2) =
Q2

12

Lìgoc isqÔoc sămatoc prìc jìrubo kbĹntishc se dB

SNRQ = 10 log10
σ2

v

σ2
e

= 6.02B + 10.8 dB
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DeigmatolhyÐa kai kbĹntish sto SIMULINK
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EKTIMHSHMESHS TIMHS KAI SUMMETABOLHS STOSI-
MULINK

• Mèsh timă sămatoc

mx = E(x(k)),→ mx(n) =
1

n

n∑

i=1

x(i)

• Summetabolă sămatoc

vx = E((x(k)−mx)
2) =

E(x2(k))−m2
x → vx(n) =

1

n

n∑

i=1

x2(i)−m2
x(n)

• Prosarmostikă ektÐmhsh

While x(n)

mx(n) = mx(n− 1) + β(x(n)−mx(n− 1))

px(n) = px(n− 1) + β(x2(n)− px(n− 1))

vx(n) = px(n)−m2
x(n)

End

β > 0.

22



SqhmatikĹ SIMULINK
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