— o~

TAVZIIESNE
(XI1)

AT E R ER S 2—
ITfmpi:3es

E-mail: yamaguchi.m.aa@m.titech.ac.jp

Web: http.://guchi.gsic.titech.ac.jp

BiREI1ILE

=i Cutoff Frequency RiE Cutoff Frequency
wEEg o T EEg o "7

K@ iE T )L 2 ( Lowpass filter) &g 71 /LA ( Highpass filter )

=i Cutoff Frequency

R Cutoff Frequency
EEEE o T EEEH o "7

i@ 7 )L 2 ( Bandpass filter) It BELE T 1 /L4 ( Band Elimination filter )

3

TATRILTAILE
- H®
— JARIER,
- $ELEEBDET(FarRYa—Tay)
— SR
— ARG DA
- BE

- NE—URHE
« REFAE

Y NAC

— FFTOFA.FIR(IIR
« FIRAZEDH

- BIEVATLGER-FR) . BRIVATL ERZEKS.




B IR EDRTLIZEBRTAORILITAILE

© BERRff-HAHER

y(n) = x(n)* h(n) = 3 x(n—k)h(k)

k=—x0

h(n) : AVINILARRE

BEERBR D —) T

X(@) =2, x(nye ™ FASRILTLILED
e RR T
(Q=wT)
Y(Q)=X(QH(Q) H(Q)= Y h(n)e ™™

FIRZAILADIER
o AVINILRIGE h(k)

y(n)=x(n)*h(n) = i h(k)x(n— k)

L EWMTDE,

Y(z)= H(z)X(z) = ih(n)z’”X(z)

H(z)=) h(n)z”™"

BEERIER
s WBIEz=0DH BIZRTE
() EERT 5
l; %7 @{7 Bl
mEsE UL 7

FIRZ1JLZEINIRT4ILA
« FIRD4ILZGEKER, EHIRR)
_zamEt vk =f a, (k- m)
_ EEE H(z)zf_oamz-m
« IRZ4JLAZ (AR, BIFH)*

- E=7ARBRK yk)= f a, x(k —m) —ﬁ“ b, y(k —n)

m=0 n=1
M
z amz—m
- mEBEY  H() =%
1+ Z bz

6
sy XERBOFIRI ILILHYZD

EfEER (EGER)

H(z) =Y h(m="
= h(0)+ 2 ' Th(1) + 2 (h(2)+ 27 (h(3) +--)} ]

x(n)
O

AR
'h(M) 'h(M—2) ..... ' h(1) ' h(0) )
n
R Ef1] 00 wn

EEBEROANEHNEANEZ -




EEBEGFIRTAORILI4IL 2D ST

- FTEDORIRMAEE H(Q)=A4(Q)
- FAHEEMHE0LT S
— 2TOREBEHTEENO — HEHOEHIEL
— H,(Q) IFEH

o IRIEDAZERTE74)L3 (BLIHEEFHE)
o {5 A HALPF
- IRMESE AQ)

S -20 log A(Q) dB

&I Cutoff frequency
Cutoff frequency
) _ Il
- T
mEE% o " o i

A INLRRE hy(n) HMEEIK

Sy THNDEH Sy THNH B
t ~ t
0 0
— EARMTEN
ZiT

h(%&.E&Tn>0 QEFITWNEL KIS TR
— NOFHDOEE (N-D2 EIFRIZV TR
h(n) = h,(n - (N-1)/2)
- NHOMBEDEE N2FEETRIZU IR
h(n) = h,(n - NI2)

h(n) BERETHNIE. h(n) (TRBE AT LELS
- NOFEDLEE,
h(n) = h(N-n-1) 11

AVINWAREIF H(Q) OFT—) TEHRICKYKRES,
AVINVAGEITRE — H(-Q)=H,"(Q) = H,(Q)
H,(-Q)= i h,(n){cos(—Qn) — jsin(—Qn)} = i h,(n){cosQn + jsin Qn}

=[i hA(n){cosQn—jsinQn}} = HA*(Q)

o H(Q) IEH-EBOFET—YIEBRIE h,(n)=h,(-n)
(H,(Q) % h,(n) HIBEREED

B, (~n)= ijz”HA (Q){cosQ(=n) + jsin Q(—n)}dQ = ijz”HA (Q){cosQn — jsin Qn}dQ
2 %0 2790
= {i jz”HA (Q){cosQn + jsin Qn}dQ} =h, (n)=h,(n)
2790
« H(Q) IXEEE#EDT.

2 COESLHIZHES
)

p—

A1 VREEh(n): €O LT DL, mZREETI I
=td

o AW RIGEWNEFDOVATLDERBISE

HQ) = i h(n)e ™™™ = i h,(n—(N-1)/2)e’™

_ i h (n)efjﬂn e /D2 _ (Q).efj(Nfl)Q/Z
4 4
n=—00

o PRIEEEE: |H(Q) =A4(Q)
o IAREEME: -(V-1)Q/2

(ERRI AR FHE L BB TH YR ENZ)
(X kST (UEIEEE

(N-D)r

= | ERRAIERE 12




sinQ n
« BERAUHEEEOVATLTIE. h,(n)= 0
h(n) = h(M-n)
AFATACLT. REBOERELHTES W
2 o
M - L - -M
e FDEKRIE? i °
HFEp.158
- s nZx BHRDIE(-M~M)TIHES
w (ByTH N=2M+1 FHDBE)
wrm + h(n) = hy(n-M)
e
A tﬂjj 13 0 5 10 15 20 16
BRI (LPFDE&ET) COEIINLTENEVATLOREKRSHEE HQ) = ﬁ: h(n)e ™™
A(Q) 157
1 1eKke, wiEsEE
A(Q)_{O otherwise Q °
A(Q) QO T jo 0.2 ‘ 04 06 08 1 12 14 1‘5 18 én
- — I NN |
, , Q ‘fﬁ*ﬁq#lli 0 \‘\\i \ ‘\\ [\\ ‘\V\‘\\‘J\‘w J \ N ‘ | \\\\
I 2 NN
1 27[ an 1 . ]Qn - 800r 02 i 04 06 08 1 12 14 16 18 j271:
hy(m)=—["A(Q)e"d0=—[" 4(Q)e""dQ I dB)
27 Y0 2w d-x w0
) =20 log,o [H(QY)|
:L Q oI 4Oy — sinQ),n .
27[ _QO ﬂn _200 0.2 : 04 0.6 08 1 1.2 14 16 18 ‘27‘[
15 17




26 FR 51 R DE A

I)j)[/éﬂiuéﬁ[is AINILR II:,\"é:: 15 = S ek
ZiTBYof=C&, { g%

:_@
auji
i

— fTEUYDRREBRLMNTD !
' - BE#%

. . . 05
05 5 : Hanning, Hamming, Kaiser, etc.
0 1 . o o- J
o5 . Hamming 7 0 02 04 06 08 1 12 14 16 18 2
.
L v
o 100 200 300 400 500 0 . W(}’l) {lL *E 4% 'Ii
0. . 4 . . . . : : . . ;
1. [ I ) 2r F\‘ ‘\\‘ LN \ F\\
3 4 == 0 ‘ N NN A \ N Y
7’]/)1/@ ﬁm1§0)15-’? % 6 -4 -2 0 2 4 6 8 o \ \\\ J\‘ ‘\‘ \ r\\ | Y f\\ \
‘ NV R AR R R AN
” il w(n) h(n) N\ |
’ 0.2 740 0‘2 04 0‘.8 0‘8 ; 1‘2 l‘.4 1‘6 1‘8 2
05 o1 ! ! BT R 5}&%#%1&
o 100 200 300 400 500 0[ e, e 60 \. o)ttii
-0 . 40
-8 -6 -4 -2 0 2 4 6 8
20 o
_Josa+046c0s L for |n|<(N-1)/2 O Hamming
18 wn)= N-1 » |
0 Jor|n|>(N-1)/2 0 02 04 06 08 1 12 14 16 18 2

& I (2) IRGEEIZ, BIREH) T4O2ILT4ILE

. : « T4—RN\YIIL—T&HTS
[RIES . ” N
-t - EnHERERX vk =) a,xtk-m)= byk-n)
_40 50 100 150 200 250 300 350 400 450 5‘00 m=0 =l

) T S az
‘ s BEBRY HEo=1Y———

T4V 2ERE

== 0 1+> b z™"
NE= . HZ::, ;
- 0 50 100 150 200 250 300 350 400 450 5‘00 ° ”Rj*]’}'/g@#%ﬁ&
— FIREYDENRM TRISET (LA BN
e 7 | _ REMCEBTALENHD
HammingBZ& L RenEE AR R TR
AW=24L2 _ S B

3% R 4 gl:: 4
BRERDIES ) ] - RERE

0 50 100 150 200 250 300 350 400 450 500

19 - ZRABRKAIS LDEEBHHABONDILEETRE, 22




IRV ATFLDAINILAIGE
« Bl y(n)=ax(n)-by(n-1)
- PHAEy(-1)=0&LF B
h(0)=as0)-by(-)=a
h(1) = —b y(0) = —ab
h(2) = —=b y(1) = ab*

h(ny=-by(n-1)=a(-bh)" —— RZFEE

FITHWMGEHERR — FRE IHEETHoE

|b|<17EBIEER - BE - e omsiec, FENOEEAR

BN ABE#ERNTERT E
h(n) = i b s(n—k)
k=0

23

EEMEROER
By
CEERFHADEL)

26

EEMER (RLEHETEHE)

y(n) = ax(n)—by(n—1)
Y(z)=aX(z)-bY(2)z™
Y(z) = H(2)X(z)

H(z)

_a
1+ bz

Wlxz=-b

b>0 DE=(ERE) HPF &

Im
- BREBVATLETBIZIE, |b| <1 HEH K \
. b<OMEE(ERE) LPF J

24

2RIIRT1ILE

HAh
o
y(n)
y(n)=x(n)=b y(n=1)=b,y(n-2)
1
H(z)= 1+bz" +b,z7°
B 1
- 2r(cos@)z™ +rz7?
a 1
- (rz' —e)rz"'—e’?)
Re

BIEDF=0DE: z=re*/’

27




IRTARIL I ILED B RS DB

|
0 20 40 60 80 100 120 140 160 180 200

o 2RIRZAILEDIGERE BiEE
H(z) = ! .,
- l_zr(cos 6)271 +r2272 720 50 100 150 200 250 300 350 400 450 500
- BEBICE 11 [T 1 1 [
r=0.6 or | | | | I |
H(Q) = ! o R
1 - 2"(005 0)@7]!2 + r2€7j29 740 50 1[‘)0 : 1‘50 260 : 250 3{‘JO 350 400 450 500
: r=09 i o \ ]
25 / B ol | “ | “ | | | | |
RIEE ) r07s o \ Lg 1R O A
! / 750 50 100 .1‘50 2[‘)0 250 34‘30 350 400 450 500
o5 r=0.6 10 .
9: . ) 5; 20 02 04 0.6 08 1 12 14 16 18 27 . T “ ‘”“ " / “”“ “}\ ﬂ
r=09 /|
s [ - Md tre ]
ot s M
;; 28 -10 50 100 150 200 250 360 350 400 450 500 30
A NIILAIGE s et
| = IRTURIVIAIVEDERETTTIE
r=06 s AT IV ADIGERBBERLUT 55 E
S-zZ ik
08 20 40 60 80 100 120 140 160 180 200 _ ’r)/ {)LZZ{Z&:;’%
l - M—REHE
. . QT SHHEEESENT 7554
03 20 40 60 80 100 120 140 160 180 20‘0 b /{99_Z74}b9\ %It\\:/1774)b97-d:5
o [A—ILINRT4ILA]
. — @ TORFEHISHL TRIBE L —E
r=09 — AIDE=OHIZANEM?
-05 29 31




TR iz A8 R

 REBH H\(2), Ho(2)
o« A2INLRIGE  hy(n), hy(n)
D2DDI AT LRI RSN TLDIEE

x("% () H o) H(")

IR« ILED kTR HE AL

i
"
a z
m -1 -1 -2
H(z)= 22 — {1+a11z .1+a212 ++a,,z -
il N4b,z" 1+b,z +b,z 0
1+z bz 1z 212 nZ

S ¢ O
n(n) = hy(n) * hy(n) * x(n) = (k)
Z-l
- ZEWMTBHE
Y(2) = Hy(2) Hy(2) X(2)
—  H(z) BEZBNT=EE. H(z) = Hy(z) H(2) D &SIC
R ETENL, MEEERERDDIZENTED = 2
JEM B2 T 1 IL A D HERGTEZHE R D MP3
A—T1F
AN Ewk
BIRURRH | BRTOvIE || FYELEEIR |, =7— AR—Ls
N N TLIEINY MDCT NZI54 27
v [ INDRY
b(2) b(1) b(0) THVIR . R
1 o PYE R K [ L XEEJ;E =
{7 o DR BT, (R A
Hh FFT/ I hAE—5tE H81
. WHERIRE ) Iva—4
- FEOBROTAO2ILTLILAIZDNT, xfnf—l
{RERS H(2)
AV INILRRSE h(n) — Ewk NTTUTF—
ERDE, XH)ﬁ—.L\_’ ILES Aok
- H(z):{a(O)m(l)zf'}{b(o>+b(1)z*’+lfl(2)z’2} } ) T g o TUBUEM L ey of YIRS L
= a(0)b(0) + {a(1)b(0) + a(0)b()}z™" + {a(0)b(2) + a(D)b(1)}z "> + a()b(2)z
“n&Y 33 T34 35

h(0) = a(0)b(0), A1) = a(1)b(0)+ a(0)b(1), A(2) = a(0)b(2) + a(1)b(1), h(3) = a(1)b(2)




TALILE I\

HEAEI T LA Ay 77T ERTAILE
(DHI41L3) HoT)g HoT)oy

[ = L R
w2 o L —ro

HAh
x(n) X
x(n)
=37
Xp(n)
[H W e e WV ] Re
Hy(z) H,(2) Hy(2) BRIAILE
R1E
/—><—><—><—\ Hy(z) Fo(z) + Hy(z) F\(z) + ==+ =z?
‘ E1BHESITRDB
BiR# %
D—JLyhE#R
1 -1
HL(Z)=ﬁ(1+z )
1
HH(Z)=ﬁ(le")
D TAILE (1)
x;,(n)
_>xLLH(")
Xy (1)
FH5—THE|
I—J0LyhZE#: -+ JPEG2000. MPEG4%

37




