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Hiroshi Watanabe
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IRLE (1)
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Aliasing Noise (1)

m  Example of aliasing noise in a space domain by sub-
sampling
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mRLE (2)

B JL—LRESIECEEERBETOHYRELEDH

—ié;»?\:l—r —}@—p
NS

hy

S -®-® -
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@6%

Aliasing Noise (2)

m  Example of aliasing noise in a time domain by frame
rate reduction

—ié;»?\:l—r —}@—p
NS

hy

.
NS

P P
@6%

BB
® - D -
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PFYURLZE (3)

m Bitmap file
RGB 24 bit
720x576 pels
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Aliasing Noise (3)

m Bitmap file
RGB 24 bit
720x576 pels
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FYURLE (4)

m  360x288 pels
without LPF
aliasing noise
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Aliasing Noise (4)

m  360x288 pels
without LPF
aliasing noise
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#FYRLZE (5)

m  360x288 pels
with LPF
2D-(1,2,1)
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Aliasing Noise (5)

m  360x288 pels
with LPF
2D-(1,2,1)
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RIGEEHET AR TAILE

B N:AOHYTHUTYL T OREICIE, EBEEn/NOEEEBE L5
(Low Pass Filter; LPF) %5/

. EEBRHOZERRER
N-1
H(z) =Y h(k)z*
k=0
1, 1

H(z —7z +>2%+>z7
(@ 2 4

{ESE5 / Signal Theory 13

Resolution Conversion and Digital
Filter

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

m  Z-transform representation of transfer function
N-1
H(z)= Zh(k)z’k
k=0

m  Example

1 1
H(z)—fz +>2%+>z7
2 4
{8533 / Signal Theory 14

FIRZ«1ILZ

B Z-BIZEDVRT LR

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

—_—)

T]? [s The

x(0) x(1) x(2) ... h(0) h(1) ... h(N-1) y(O)y(1)y(2)Y(3) ...

{5535 / Signal Theory 15

FIR Filter

m  System description by z-transform

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

T]? [s The

x(0) x(1) x(2) ... h(0) h(1) ... h(N-1) y(O)y(1)y(2)Y(3) ...

{5535 / Signal Theory 16

LPF(A—/\RT4)LR)DEZET

B FIRZAILAIZKBO—/ SR T )L AERET
R ERDD
- EEBENREEEOD— R I ILEERETS
- TANEARBERDD
- REEEHTS
- BRULEBRDOBEERDD
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LPF Design

m  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

{5535 / Signal Theory 18
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LPFE M & R %

B EEOO—/RRIILAFEEBEO—/ R I )LA%E
nOEEEREC o

INT— H(jo)
BB B
1
\
0.5 \ /
0 o 7 ZWEJ;.&;& —2r n-00 &7 2z
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LPF Cut-off Frequency

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

Power H(jw)
pass-  stop-
band band
g=
0.5 \
0 G 2r 2r -0 a7 21
frequency

{B21218 / Signal Theory

20

LPF=Z R LR R DR

nEEREEKA
N-1
H(z) = Zh(k)z’k
k=0
DEEFZH K (FRAXTHETES

h(k):ij” H(jo)e*dow  (k=0,---,N-1)
27

{5535 / Signal Theory 21

Relation Between LPF Transfer
Function and Coefficient

m  When the transfer function is given by
N-1
H(z)=> h(k)z™*
k=0

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

h() == [* H(jo)e"do
—).

o (k=0,-,N-1)

{5535 / Signal Theory

22

LPFEEEMEFRRDOBERE (2)
RS,
ij” H(jw)e"k’”dw=ij” Eh(n)e’j”‘”e“’”dw
27 7 27 d-nkd
1 -
:Eh(k)ﬁﬂdw

1 .
= -h(lel,
~h(k)

{5535 / Signal Theory 23

Relation Between LPF Transfer
Function and Coefficient (2)

m  Since,
ij” H(jo)e"do = iJ'” Eh(n)e’j”‘“e“’”dw
27 = 27 d-nkd
LT i—
27t
1 z
= h()[ " de

1 .
= -h(lel,
~h(k)

{5535 / Signal Theory
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m [-7 7] IZET5 exp(inw) DIEH

Ji"e"""’dw:f (cosnw+ jsinnw)dw
=[sinnw— jcosna|",
=(sinnz— jcosnz)—(sinn(-x)— jcosn(—x))
=0

{ESE5 / Signal Theory 25

Review

m  Integral of exp(inw) at [z 7]

r ” .
Je’""’dw:j (cosnw+ jsinnw)de
| -

=[sinnw— jcosna|",
=(sinnz— jcosnz)—(sinn(-xz)— jcosn(-x))
=0

{ESE5 / Signal Theory 26

1

B H(2)=1/420+11271+1/472 DIHE DFLEH
1 1

h(o):ij” [leoJrfefjerieszm]dw:}
27 -7\ 4 2 4 4

n =2 [(Lerstew s Lo forgy-t
27 -7\ 4 2 4 2

h@) =L [ [Reos Leo s e |enogy L
277\ 4 2 4 4
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Example

m  Derivation of coefficients for H(z2)=1/420+1/2z1+1/4z2
1 1 1 1

h(0) :7.[” [leo +-ete +7e’j2“]dw:—
277\ 4 2 4 4

n =2 [(Lerstew s Lo fergy=t
277\ 4 2 4 2

h@) =L [ [Reos Leto s e |enogy =t
27\ 4 2 4 4
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FHOEH

nEEEIRE o, TALEDORE N Oi5E

h(0) :ifﬁ H(jo)do hQ) :iﬁ H(jo)e”dw

1 o 1 o
=—["1do =—["e’dw
27 o 27 o
_ L p 1 e
Y ==
2|
o,
oz _sina,
T
{5535 / Signal Theory 29

Derivation of Coefficients

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

h(0) :ifﬁ H(jo)do hQ) :iﬁ H(jo)e”dw

1 o 1 o
=—["1do =—["e"dw
27 o 27 o
_ L p 1 e
Y ==
2|
o,
s _sina,
T
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FRBDOEH (2)

B RTF kHEOHE

1 ” H —jo
h(—l)=§LIH(Ja))e lodg
1

oL
=—| e dw
27 -

_afer
27| -] o,

_sina

T
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Derivation of Coefficients (2)
m In case of negative sub-script k

1 ” H —jo
h(—l)=§LIH(Ja))e lodg
1

oL
=—["edo
27 -

_afer]
27| — ] o,

_sina

T
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FREDOEH (3)

B —RICLPFOSE, RHEERATHETES

Derivation of Coefficients (3)

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

1 o= ; ;
h() =2 h(k)=— " H(jw)e*do .
7 2 h(o) == h() === [ H(jo)e"do
:ijwlew‘“dw i 21” 7,”
271 e :7'[‘4 ekod ey
1 ejkm oL 2 7("% .
"2 k| e
inko) Zrl Je L
sin(ke, g
SSMKO) 21,42, £ (N D) .
kz _Sinken) e _ iy e (N -)
kz
{&SE:# / Signal Theory 33 {85 / Signal Theory 34
LPFD & ET 45 Example of LPF Design
B EWREES o=42 Z7TROIT4IVEATHERT 35E m  Cut-off frequency e =2 , 7-th order filter
h(o):L/2:0.5 h(o):ﬂ:o,s
T T

h()=h(-1) = % = % =0.3185

h(2) = h(-2) = SN2(#/2) 22(;[/2) =0

=-0.1061

h(3) = h(-3) :s"‘i’(i”/z) :%

{5535 / Signal Theory 35

h(@) =h(-1) :%:%:0.3185

h(2) = h(-2) = SN2/ 22(;’/2) =0

=-0.1061

h(3)=h(-3)= sin 3;(7r/2) :;71

{5535 / Signal Theory
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EETRIEDRE

Cut-off Characteristics

{5535 / Signal Theory a1

Improvement
B O—/XRTAILED BB IER m  Multi-stage connection of LPF
X(z) Y(z)=H1(z)H2(z)X(z) X(z) Y(z)=H1(z)H2(z)X(z)
—1 — E— —1 — E—
. EEH m  Window function
- BRREOI IEHERE. .. TTRORRIZEYYyTILEEL - Limited order filter: occurs ripple by Gibbs
% phenomena
- ARRHOITEHVELIESMNCOISE D502, REHK - Use window function to make both ends coefficients
#EATS gradually close to zero
{8533 / Signal Theory 37 {8533 / Signal Theory 38
ZE# Window Function
m NSVUUR ®  Hamming Window
kz kz
w(k) =0.54+0.46 cos o (-n<k<n) w(k) =0.54+0.46 cos| — (-n<k<n)
n
B N\ZVUTE ®  Hanning Window
w(k) = 0-5[1+ cos(l%]] (-n<k<n) w(k) = 0.5[1+ cos(k—”D (-n<k<n)
n
{851 / Signal Theory 39 {851 / Signal Theory 40
ZEE% (2) Window Function (2)
. Zn . . L ‘
w 4 A w w 4 A "
N N w2 AN
wl L L - » AN -
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=B (3)

B L ARBEBRBEBIEORERBHNE I RAET S

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

Original FIRG1) Fiter Windowed FIR Filter

04 04

02 /

\

: \
- /

Amplitude
Amplitude

015 01

o, Aoy
[T g2 o 2NgZb 8 T » |ECIRE A UV
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Window Fucntion (3)

m  Filter coefficients are multiplied by values of window
function

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

Original FIRG1) Fiter Windowed FIR Filter

04 04
0.35 = 035
na 7 o
o 025
;] % 02
g J ER
Lo / £
o FanN Eain, 005
- 1 = * [—— ol
hd hd
o il 8 s % 2 o 2 4 b5 8 1
&S5 / Signal Theory 44

=R (4)

n EERCIIBEREFEDOEE
T T

EhiE EhiE

BEHGL BRHHY
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Window Function (4)

m  Change of frequency response by window function

Gain Gain

frequency frequency
without window with window
function function

{555 / Signal Theory 46

HPF(/\A /SR T4 LA)DE&ET

B FIRZAIVAIZEBNAINR T ILAERET
R ERDD
- EEERIIEENARI(VEERET D
- TANARBERETD
- O—RRIADIEEBRES TN TREEER TS
- BRULEBRDOBEERDD

{5535 / Signal Theory a7

HPF Design

] ngh 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

{5535 / Signal Theory 48

# / Signal Theory




H P F I 7 B 5

B EEDONARRIAIVISE LB NA/RR T4 )LE S
nOEMEREC oy =10

INT— H(o)
1
05

0 Wy 7 or [ —2r

{B2121 / Signal Theory

49

HPF Cut-off Frequency

m  Actual and ideal high-pass filter characteristics
m Cut-off frequency: o, =70

Power

H(o)
stop- pass-
band band
1
0.5
0 oy T 2r

Frequency
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HPFm:ERE &R DBE R
B O—/SRITILADIGERBREHN
H (2)= ih(k)z’k

DEE NIRRTV EDIREB T, EWERBOBR
Oy =T -0,

Mo z=exp(-jke) IZBWT 0% or EBWV-LOITHEETS

N N
H H (Z) = Zh(k)eﬂk(w—ﬂ) — Zh(k)e—kaeJk”
k=—N Bt

{5535 / Signal Theory

Relation Between HPF Transfer
Function and Coefficients

m When LPF transfer function is given by
N
H.(2)= Y h(k)z*
k=—N
From the relation of cut-off frequency
Oy =TT — 0

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

N N
H,(2) = Zh(k)e—jk((u—zr) _ Zh(k)e’jk’”e"k”
k=—N k=—N

{5535 / Signal Theory 52

HPFIZZBI M ERBOBER (2)

" HIOBREOER
e =coskz+ jsinkz
THEND, K HFBROLEI 1, FROLEIT -1 EBBHS
Hy(j0)=(-1)"H (jo)
1Y, NARRIALEDHEIE (Lf BRUSNHERD

T I )

f=fzL
hL (0) = w%

{5535 / Signal Theory

Relation Between HPF and
Coefficients (2)
m  Since
e =coskz+ jsinkz

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

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

R K R )

where
hL (0) = w%

{5535 / Signal Theory 54
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HPFOD &5+

n EMERHE o= a=12 ETROITIVITHERT H5E

ho)=Z2_05
T
h@y=h(-1y=—"TD _ 1 43185
T T
h(2) = h(-2) = sin2(z/2) _ 0
2
h(@)=h(-3)=-S"3=2 __~1_ 41061
3z 3
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HPF Design

m  Cut-off frequency @y=7- =22 , 7-th order filter

ho)="2 05
T

h(1) = h(-1) = = =-03185

_sin(z/2) 1
T - T

h(2) = h(-2) = SN2/ 22(;7/2) -0

h(3) = h(-3) = —w - —;71 —0.1061

T
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HPFDEREL (2)

HPF Design (2)

n FEREEE ®  Frequency characteristics
- FTAVEERELTOVENIEISER - Note that gain is not normalized
- AEEYEIZIBTERT - Gain is normally displayed by dB
HPF (FIR 7) HPF (FIR 7)
N Pl N il
5o R 5o -
j/,/ j/f
Frequency (Radian) Frequency (Radian)
{851 / Signal Theory 57 {85 / Signal Theory 58
REGEL Coefficient Approximation
n REODHGEE m  approximate coefficients by fractional number
. DEMN2OREFE m  denominator is approximated by two’s power
h(0)=0.5~8/16 h(0)=0.5~8/16
h(1) =-0.3185~-5/16 h(1) =-0.3185~-5/16
h(2)=0 h(2)=0
h(3)=0.1061~1/16 h(3)=0.1061~1/16
{851 / Signal Theory 59 {85 / Signal Theory 60

{E5 185/ / Signal Theory

10



il

B OEMRELRS o =374 , 3SRFIREIDLPFEEREE &
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m  Design 3rd order FIR filter having cut-off frequency

w =374

Quiz
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