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Multimedia Distribution System
- No.2 Aliasing Noise and Filtering -
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B Example of aliasing noise in a space domain by sub-
sampling
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B Example of aliasing noise in a time domain by frame
rate reduction
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(Low Pass Filter; LPF) %:#F

B EERAROzEBRRKRI

H(z) = Eh(k)z‘k
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Resolution Conversion and Digital
Fiiter

For N:1 sub-sampling, Low Pass Filter (LPF) with pass-band
1/N

Z-transform representation of transfer function

H(z) = Eh(k)z‘k
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B Bitmap file
RGB 24 bit i\ -
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B Bitmap file
RGB 24 bit
720x576 pels
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B 360x288 pels
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m 360x288 pels
with LPF
2D-(1,2,1)
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m 360x288 pels
with LPF
2D-(1,2,1)
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B Z-THZKEHV AT LREH

Y(2)=H(2)X(2)

—

T‘r [+ Thq

X(0) X(1) X(2) . h(0) h(1) .. h(N-1) 0 (1)y(2)y(3) ..
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FIR Filter

System description by z-transform

Y(z)=H(2)X(2)

—

T‘r [+ Thq

X(0) X(1) X(2) . h(0) h(1) .. h(N-1) 0 (1)y(2)y(3) ..
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| B4

B ANEE

X(z)=a,+az ' +a,z°+a,z"°

B AUNLRIGE

H(z)=h,+hz"+h,z

m HAOES
Y(z)=H(2)X(2)

=(h,+hz*+hz7?%)(a, +a,z7" +a,z* +a,2°)

=hya, +(h,a, +ha,)z™ +(h,a, +ha, +ha,)z™
+(h,a, +ha, +ha)z°+(ha,+ha,)z*+haz™
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Coefficients

X(z)=a,+az ' +a,z°+a,z"°

B Impulse Response

H(z)=h,+hz™"+h,z™

B Output
Y(z) =H(z)X(2)
=(h,+hz*+hz7?%)(a, +a,z7" +a,z* +a,2°)
=hya, +(h,a, +ha,)z™ +(h,a, +ha, +ha,)z™
+(h,a, +ha, +ha)z°+(ha,+ha,)z*+haz™
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BREBDRIEL(2)

| B4

B REDER

Yo = hya,
y, = ha, +ha,
y, =hya, +ha, +h,a,

Y; = hoas + h1a2 + hzai

Yy = h1a3 T hzaz

Ys = hzas
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B Relation of Coefficients

Yo = hya,
y, = ha, +ha,

y, =ha, +ha +h,a,
Y; = hoas + h1a2 + hzai
Y, =ha; +h,a,

Ys = hzas
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Low-pass filter design by FIR filter
determine cut-off frequency
presume ideal low-pass filter as a transfer function
determine filter order
derive coefficients

multiply value of window function to coefficients
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B Actual and ideal low-pass filter characteristics
B cut-off frequency: w,

Power

A

pass-
band

/

stop-

-ﬁ

P
frequency

-2p -p -W 0 W.p
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Relation Between LPF Transfer
Function and Coefficient

B When the transfer function is given by

H(2) :th(k)z—k

coefficients h(k) can be calculated by the following.

(k) == [ H(jw)e"do
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LPF=ZEZ S ZR D BER(2
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Relation Between LPF Transfer
Function and Coefficient(2)

B Since,

1 T i . 1 T N-1 . .
— | H elkedp = — h(n)e "gkeg
(jw)e™do zﬂf—% (n) z

27 77
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B
1w w

B [-p, p] IZEITSH exp(jnw) DIEH

fej””da) = f (cosnw+ jsinnw)dw

=[sinnw- jcosnw|
=(sinnz — jcosnz)—(sinn(-m)— jcosn(—r))
=0
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Review

B Integral of exp(jnw) at [p, p]

fej””da) = f (cosnw+ jsinnw)dw

=[sinnw— jcosno|
=(sinnz— jcosnz)—(sinn(—x)— jcosn(—rx))
=
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51

H(2)=1/42°+1/2z1+1/472 DiHFE DIREEH
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mOEHEKE W, TMILIDRE N D55

n(0) = — [ H(jo)dolIh® = =" H(jo)e*do
27T 97 2 VT
=—£—“emmp
27T J-ou

1[el]™

227,

_Sinw,

L

T
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n(0) = — [ H(jo)dolIh® = =" H(jo)e*do
27T 97 2 VT
=—£—“emmp
27T J-ou

1[el]™

227,

L

_Sinw,

T
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B RF KkHIEDEE

h(- 1)_—j H(jow)e “dw
1

COL —jCO
=—| e ’“dw
27T J-o

1 re_Ja) —le

_Zﬂ — ] o,

_sSinaw,

T
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Derivation of Coefficients(2)

V4

B In case of negative sub-script k

h(- 1)_—j H(jow)e “dw

= 2o e dw
27 T

1 re_Jw—la)L
27| -]
_Sinw,

T
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FRBDEL

| B4 —

B —fRICLPFDISEE, RBIEIRKXTETETES

h(0) =21 (k) == " H(jo)e™do
T 27 V7

l ejka) —‘w'-
27Z'|_ Jk J_(‘)L

_sin(kay, )

(k=%1,%2,---,£(N -1))
k7
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Derivation of Coefficients(3)

- ' V4

B In general, coefficients for LPF is given by the
following.

h(0) = (k) == " H(jo)edo
T 2 o7

= — " elkod g
272- -,

1 [eke]™
ol k|,

_sin(key, )
ki

(K=4142,---,+ (N 1))
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LPFODE%ET

mEETELRE w =p/2 ZTRDITILATIERT DI5E

ho)="2_05

T

h(1) = h(=1) = Si”(;’/ 2 _1_53185

T
sin2(z/2)
— =

h(3) = h(-3) :W :;—; - -0.1061

h(2) = h(=2) = 0
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B Cut-off frequency w =p/2 , 7-th order filter

ho)="2_05

T

h(1) = h(=1) = Si”(;’/ 2 _1_53185

T
sin2(z/2)
— =

h(3) = h(-3) :W :;—; - -0.1061

h(2) = h(=2) = 0
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LPF (FIR 7)

0 02040608 1 12141618 2 222426 28 3
Frequency (Radian)
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Frequency characteristics
— Note that gain is not normalized
— Gain is normally displayed by dB

LPF (FIR 7)

0 02040608 1 12141618 2 222426 28 3
Frequency (Radian)
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B O—/\RT4I)LIADZERIER

X(2) Y(z)=H1(z)H2(2)X(2)

— —

B =R
— ARREBOIAIVAER: XTADRRIZKYIYTILEELS
— HREXBOITHEUIYELGESMNIZO0ITEDITA=6I2, EEEH
=ERAT5
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Cut-off Characteristics
Improvement

B Multi-stage connection of LPF

Y(z)=H1(z)H2(2)X(2)

X(2)

—— HI1©®) —

B \Window function

— Limited order filter: occurs ripple by Gibbs
phenomena

— Use window function to make both ends coefficients
gradually close to zero
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kz

w(k) =0.54+0.46 cos(
n

0N

w(k) = O.5(1+ COS (l%jj (-n<k<n)
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Window Function

B Hamming Window

kz

w(k) =0.54+0.46 cos(
n

j (—n<k <n)

B Hanning Window

w(k) = O.5(1+ COS (%D (-n<k<n)
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Hamming Window Hanning Window
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Hamming Window Hanning Window
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TG BEREBIEDIRERIRG I ILIREET D

h (k)=h(K)wk) (-n<k<

Original FIR(21) Filter Windowed FIR Filter

Amplitude

Amplitude

i |

[ I L

-8 6 -4 -2 0 2 4 6 8 10

Coefficients Coefficients
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Window Fucntion

Filter coefficients are multiplied by values of window
function

h (k)=h(K)wk)  (-n<k<n)

Original FIR(21) Filter Windowed FIR Filter

a

Amplitude
Amplitude

Coefficients Coefficients
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Window Function(4)

i \

B Change of frequency response by window function

frequency frequency

without window with window
function function
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A—/N\RTAIWEADIEERBZE TN TREZEE TS
FRBEEEABDEZKRDHD

TILFAT 4T EIEL AT L / Multimedia Distribution System




High-pass filter design by FIR filter
Determine cut-off frequency
presume ideal high-pass filter as a transfer function
determine filter order
derive coefficients by shifting low-pass filter’s

transfer function
multiply value of window function to coefficients
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B Actual and ideal high-pass filter characteristics
B Cut-off frequency: w,=p-w,

Power
A

stop- pass-

band

-2p -p -Wy 0 Wyp
Frequency
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HPF{GZERB# SR E DR %

B O—/N\RIT4ILADIEZERBRE#N
N
H (2)= > h(k)z™
k=—N

DEE . INANRDT4ILZDIEEBE R, EBTE R E D%

Mo z=exp(-jkw) 128U

H, (2) = Zh(k)e K(o-m) Zh(k)e kog ke

k=—N
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Relation Between HPF Transfer
Function and Coefficients

B When LPF transfer function is given by

From the relation of cut-off frequency

HPF transfer function corresponds to the LPF’s one
replacing w by w-p at z=exp(-jkw)

H,, (z) = Zh(k)e (o) Zh(k)e kog kn

k=—N
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HPF=ZRE SR B DR (2)

B AIDRZEDIAIX

el =coskz + jsinkz

THEMD, k BBROEEIT 1, FHOEEIT -1 EHRBHS

H, (jo)=(-D)"H (jo)
EIEY, INAINRDT4ILEZDZREE (D BNELONF=-HELSD

h (k) = (-1 SNKe) sin(kw, )

Kz
T=1=L
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Relation Between HPF and
Coefficients(2)

el =coskz + jsinkz

the last term of the equation equals to 1 for even k, -1 for odd
k

- k -
H,(Jo)=(-1)"H (jo)
Thus, HPF coefficients are also given by multiplied form of (-1)

h (k) =(=1)

SInke) (122, £ N)

k7
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HPF )% &

B OEBEEE w,=p -w, =p/2 ETRODIAIVITHERT HIGE

ho) =72 _05

T

sin(z/2) _ 1

h(l) = h(~1) = — =~ -.0.3185

7T 7T
sin2(z/2)
27T -
sin3(z/2) -1

=———=0.1061
3 3

h(2) = h(-2) =

h(3) = h(-3) = -

TILFAT 4T EIEL AT L / Multimedia Distribution System




HPF Design

~J

B Cut-off frequency w,=p-w, =p/2 , 7-th order filter

ho) =72 _05

T

sin(z/2) _ 1

h(l) = h(~1) = — =~ -.0.3185

7T 7T
sin2(z/2)
27T -
sin3(z/2) -1

=———=0.1061
3 3

h(2) = h(-2) =

h(3) = h(-3) = -
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HPF (FIR 7)

0 02040608 1 1214 16 18 2 22 24 26 28 3
Frequency (Radian)
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Frequency characteristics
— Note that gain is not normalized
— Gain is normally displayed by dB

HPF (FIR 7)

0 02040608 1 1214 16 18 2 22 24 26 28 3
Frequency (Radian)
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BT L

B EHONECE
B AEA2ORER
h(0)=0.5~8/16
h(1) = —0.3185 ~ —5/16
h(2) =0
h(3) = 0.1061~1/16
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B approximate coefficients by fractional number
B denominator is approximated by two’s power

h(0) = 0.5~8/16
h(1) = —0.3185 ~ —5/16

h(2)=0
h(3)=0.1061~1/16
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mOEETER S w =3p/4 , BRFIREDLPFEHRET & &
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Quiz

B Design 3rd order FIR filter having cut-off frequency
w, =3p/4
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