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Aliasing (1)

B Example of aliasing noise in a space domain by sub-
sampling
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Aliasing

B Example of aliasing noise in a time domain by frame
rate reduction
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Aliasing Noise (4)
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Aliasing

m 360x288 pels
with LPF
2D-(1,2,1)
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BELEETAORILTAILE

B N:1OYTHITI) 5 DEICIE, BRFEn/NOEE@EERT1/L2
(Low Pass Filter; LPF) %3&

B EEEROzEBRRE
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Resolution Conversion and Digital
Filter

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

Z-transform representation of transfer function

H(2) :Nzlh(k)z‘k
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B Z-FTHIZ KB RTLEER

X(z) Y(2)=H(2)X(z2)

— H®) [—

T‘r [+ Thq

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

System description by z-transform

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

—| H@®) ——

T‘r [+ Thq

x(0) x(1) X(2) ... h(0) h(1) .. h(N-1)  vQ)(1)y(2)y(3) ..
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LPF Desig

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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m Actual and ideal low-pass filter characteristics
m cut-off frequency: o

Power

A

pass-
band

/

H(j )

stop-

>
2 —71—o 0 o 7t 2r

frequency
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Relation Between LPF Transfer
Function and Coefficient

B When the transfer function is given by

H(z)= %h(k)z"‘

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

h(k) ——j H(jw)e*do  (k=0,--
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1 ko No A jKo
—| Hme‘dw;—{'mem‘e‘dw
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Relation Between LPF Transfer
Function and Coefficient (2)

B Since,

1 T . . 1 T N-1 i )
— | H elkedp = — h(n)e "gkeg
(jo)e"do=—> jz (n) z

27 7
1 & j(n—k)
= h(n)e " “d
27T ;LT (" a)
1 %

1 .
=gh(k)[w]_ﬂ
= h(k)
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B [-7 7] [TETS exp(jnow) DIESH

“edw=[" (cosnw+ jsinnw)dw
I .

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

B Integral of exp(jnw) at [z, 7]

“edw=[" (cosnw+ jsinnw)dw
I .

=[sinnw— jcosno|
=(sinnz— jcosnz)—(sinn(—x)— jcosn(—rx))
=
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B H(2)=1/4+1/271+1/472 DIHFEDHZRHEH
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BRBOEH

B EMTERE o, 7MILEDRE N DIFE

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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Derivation of Coefficients

m In case of cut-off frequency: g, filter order N

h(O):%fﬂH(ja))da) h(1) == [" H(jo)edo

27 7

Leja’da)

1 [ele |™

227,

_Sinw,

L

T
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B RF KkHIEDEE

h(- 1)_—j H(jow)e “dw

= B e dw
27 T

1 re_Jw—la)L
2| -
_Sinw,

T

{E5#5% / Signal Theory




Derivation of Coefficients (2)

B In case of negative sub-script k

h(- 1)_—j H(jow)e “dw

:i e dw
27 I

1 re_Jw—la)L
2| -
_Sinw,

T
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B —RICLPFDIGE, RBEIIRATHETES

h(0) =21 (k) == " H(jo)e™do
T 27 V7

l ejka) —‘w'-
27Z'|_ Jk J_(‘)L

_sin(key, )
k7
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Derivation of Coefficients

In general, coefficients for LPF is given by the

following.

_ 1 7 : kK
h(k)—ELH(]a))e’ dw

= i “L ejka)da)
27 o

1 feM]”
27| k|,
_sin(ka, )
ki
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LPF®D &% &T451

B ERELRE o =12 Z7TRDITAILIATHERT SHEHE

ho)="2_05
/A

0 = h(_1) - SN2 _ 1

=—=0.3185
T

=0

T
sin 2(z/2)
T

sin3(z/2) _-1_ _0.1061
3 37

h(2) = h(=2) =

h(3) = h(-3) =
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m Cut-off frequency o =42 , 7-th order filter

ho)="2_05

T
sin(z/2) 1
- T
sin2(z/2)
—
sin3(7/2) _
3

h(l) = h(-1) =

h(2) =h(-2) =

h(3) =h(-3) =
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E TR IE D E

B O—/\RT4I)LIADZERIER

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

— —

m ZEEH
- ?BEZZ%&O)?ML%%EJ’Z. X TROBRRIZEYYYTILEEL

- BARRBOITEUYZEGZoMNIZ0ISEDITH=8HI2, BZEH
ZEHAT S
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Cut-off Characteristics
Improvement

B Multi-stage connection of LPF

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

—— Hi(2) —

m 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
n

w(k) =0.54+0.46 cos(
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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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22 A% (3)

vy iw Yvd ¢ 4

B /)R EERABEDTEEZRELE I ILIZRE#ET S

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

Original FIR(21) Filter Windowed FIR Filter
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Amplitude

Window Fucntion (3)

Filter coefficients are multiplied by values of window
function

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

Original FIR(21) Filter Windowed FIR Filter

a

Amplitude

L ! i I L

ri0 -8 -6 -4 -2 0

Coefficients Coefficients
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TAY

A
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Window Function (4)

B Change of frequency response by window function

Gain
A

without window
function

Gain
A

frequency

with window
function
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HPF(/\A /X R T4 )L D3

FIRZAILRIZKBINAINARTAILEERE
EWTER M ZRD B
EEBMIIEBEENANRITAILIERES S
TLIVEARBZRET B
A—/N\RTAIWEADIEERBZE TN TREZEE TS
FRBEEEABDEZKRDHD
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HPF Desig

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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HPF Cut-off Fr

B Actual and ideal high-pass filter characteristics
m Cut-off frequency: o,=7—0,

Power

A
stop- pass-
band

X
2r 2 —m-wy0 ogr 21

Frequency

{E5#5% / Signal Theory




HPF{=ZERE SR DE1%

wr e w

B O—/\RIT4I)LEAD=ERE#N

DEE . INANRDT4ILZDIEEBE R, EBTE R E D%

Mo z=exp(-jko) 128

H (Z) = Zh(k)e jk(o-7) _ Zh(k)e Jka)ejkz

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 o by o7 at z=exp(-jkw)

H (Z) — Zh(k)e jk(o-7) _ Zh(k)e jkogq jkr
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HPFZZEIS S R D EE (2)

B Hi0OxEDIHEIX

el =coskz + jsinkz

THEIMND, k BMBEDEEIZ 1, FHDEEZIZ -1 LHBEMS

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

« Sin(ka, )
h (k) = (1) o

{E5#5% / Signal Theory




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

H, (jo)=(-1)'H (jo)

Thus, HPF coefficients are also given by multiplied form of (-1)k

< Sin(ka, )

h (k) = (~1) (K=+142,---,+N)
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HPF® %

B EMERS o=7- 0=12 Z7TRDI4IIATERT SHE

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 Desig

m Cut-off frequency o,=7- @ =2 , 7-th order filter

h(0) = ﬂ =0.5
T
sin(7/2) _ 1 _ 44145
T T

h(1) = h(~1) = -

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)

{E5#5% / Signal Theory




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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[ B4

B FREOSEEEN
B DEN2OSE

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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Coefficient Appro

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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B EMTREIRE o =344 , SRFIREDLPFZEHETE &
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Quiz

B Design 3rd order FIR filter having cut-off frequency
w =374
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