T10E 2-F#H . TOENLT 4 NE—
10-1 z- B D EFH

10-1-1 BEBAYIE &

BAETIHMERZ2EL%EOT a7 HoE FNET L L0, B AHmct 7
VU CHERAIE BT A L2 AID 20 NR—F —|ZCTF VX INT —H | AL CT
CHENMET DT OHNT 4 NE—F HND T ERERICR S TWD, DX D AR
BANEF DISEILT 7T AU SO ARZEE CITRR PR CTH 5, £ 2 TR
i CIEBER G B DIGE 2Rl T 2 72 DIcE 2 biviz z BRI OV TGRS,

EExOERBYT (o7 V) TREEE S, =1T) TH A LIEES Y ()i

X (f) = Ex(kT)(S(t —kT) (10.1.1)
k=0

LET D, T (DXL =0 x, & L ZERBH D, 2B, (10.1L.1)XOF L
BB OWITEIX[/]TH D DT, x' (1) DRITEIXIEUE 5 x(1) DRI % Wi THl - 72 kot
2725 2 LITHEE, X (DAY MAKEEE RS0 X" (1) DT T T AL

X (s)=LIx ()]

- Ex(kT)e"“T (10.1.2)

BEZDH, TITx()DT ST AEMAE X(s) & LT

c+ jo
x(kT) = ﬁ f X(5)e*T ds (10.1.3)

c— joo
v X (s)lE

o C+ joo

X (s)——E [ X(s)e ~(s=SOKT g/

k Oc- jo

1 XG) y
=2_f (”)T (10.1.4)
= J®

LD,
ToFE oy

s| =0 TIX($) =0 TH DD T, EORIIEK 10-1 D X 5 2R TC

1 X(s") .
X (S)—E le_wds = - ER’Z (1015)

197



IZF LV, T2 TRIITICHEN D R—L

§'= s+ 2a/kT (1 =00, =1,0,1,---, ) JIm(s | e+ joo -
B0 DR |
' . |
R, = [X(s') (s ;j;(]s%g;lT/T)L_)szm/T ; s+ j2mn/T
e s+ j2m(n-1)/T
=—%Xu+j%mMT) (10.1.6)
o <! Re(s)
ThbH, LT I
N - . r
X' (s) = ?nEOOX(S+ jnw,)  (10.1.7) |
EELZENTES, 22T |
w, =27f, =27/T (10.1.8) .
FH TV () HEETHL, Alb
YTV U TEBEOREEANT M v X 10-1 (10.1.5)=NDFESy 1

X (o)t ®102107F L5 Y 7Y o

7 JE R 00, DBHAF DRI no % Tt & LT, BHEEORMIARY ML X (jo) &
7] U430 AN JE IR 0 IR 9934 & 22 %, & 2 T 10-2(2) D K 9 1w, 12 031E 5 x(1)
DAY MV D EFREREEL 0,0 £ D KE T IUX, X (jow) D A=Y FRBER L
NGO ZEIFRVOT HEZTEN Yy N TS 0, 2L FTOR—/RAT 4 )V F—%
8L Co, 2V EOJERERy ZRE LILRY T4 252 & TOIRE S x() 23T
ERAR

X (jo)
(a)
~Wmax 0 Wmax ®
O X" (jo)

[}
[}
[}
[}
[}
[}
[}
[}
[}
i
SBw 2 ~o; —o/2 0 w2 o, 3w,/2 2o,

N N

X 10-2 Yo T IVAE x(kT) DJE AT kb,
(@) BUEE () DAY L. (b) BT AEX () DAY kL,
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X(joo)

(@)

~Wmax 0 Oy @
(b) ' X* . '
! ‘ (]CU)‘ !
[} [}
\\\_/——E\\/—WL\
N N7 RNy 7 N
/K\ //&\ /)\\ N

[} \
[} \
-3w./2 -0; -w,/2 0 w2

s

X 10-3  JRE 5 DJEWRE AT MADIERY 0,8 w,/2 F 0 IEWGEE

—F, 7Y U TREEEMEL 0,2 04, £V IROSEAEICIE, K10-3 0 X 91
X(jo)D AT MVREERILEER Y G- TLE D DT, ﬁhv@%mﬁhwxwm%
BETLZ&IETERY, ZOXIRERVAEWVWIZEY, 0,2 THVIEL Two,/2L
TOWICERD AT META VT AR, LER> TCRDEFEFHET HIC
I 104 1R T L1, WEEER— AT NE— (TorFYT T Ty
N2 —)Z@ LT, 20k EORBERFEWEN S ZRE LB T 7Y 7 508
Wb, £z, BFICAGHEE D X 5 I NOHIBIZIE 58kt A <7 MLV AR OMEE M
FoTWDLLGEITIE, = VTV IRV HEEDARY MANREICHERDLZET
MEENBERT D720, SINZMEICTA2E/IIET v F )Ty T « 7 4 ) H—A
HETHD,

UEDX Y 7Y T EENOIOESZHRT L7202, 7Y 7
BEITH & DIEFART PO ERERED 2 50 ETRTNERG RV, Zhva
o7V o TER] v,

O—/% . _ TR mEAV
T4 jb; g,-t:_jﬁ[,': A/DE#R (FPHINT4I%) D/AZR T4 IE
7FRJiES data - 7FOUES
—| LPF —— ADC processing DAC LPF —»
B = A A ] A
(FYFIUTIY
TANE— f. 12 —
LLE DB 4 timing clock (freq.= f,)
Zhvb)

Yo TULPEEA3I o0y s (AR )

X 10-4 E5 DT X VULE
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10-1-2z B

ATET Tl R 7= BERAO(E 5 DIGE Z Fealk 9~ 5 12, EHE 5Ioktd 2 7 77 AAH#H1IZ
FIELT z Z#PAHWLND, f(t)%HP;ﬁT“GﬁLI/?’/I/Lf:%%@ z B ()X
Z[f(nD)] & Eh

F(z)=Z[f(nT)]= E F(nz™" (10.1.9)

TERIND, BT 77 AEH LRk _n<01 X fnT)=0&79 %, ZA4L1%(10.1.2)
KT T ICBEMZT-bDTHD, LENR-STz=eT 2B LT 2 BWF(D)IT
fODF LTV T (DT T T AEWRF () L7325, Lo Tr—=el LEX
Wiz 7= F(e/™T) 75 F(2) O 8 B B M 2 b,

z B F (2) DWFET DI AL e

_ n-1
f(nT)= 2ﬂ.gﬁF(z)z dz (10.1.10)

BHAET 5. 2 2 CHISYES C LRI BB 2C O — L % BT & 42

[ZEFA]  (10.1.9):U%(10.1.10) XD FHBIZARA L T
gSF(z)z" ldz = E f(kT)gjz” gy

k=0
::f:—v—@ﬁAﬁ@i@

. 0 (n=-1)
L7 »T
1 ol n—k—1 1 - 277{7 (k=l’l)}
— kT dz = — kT
2ﬂjg)f( )gfz Z 2fffg)f( ){0 )
= f(nT)

L7 X(10.1.10) 38T 5,

EFe(10.1.99 LV LUF O B O FAR e EE N E DN D,
(a) WEfFEN
Z[f((n-kD)]=F(2)z* (10.1.11)
b7 NE 7Y v ZEERIBINE T 720 OREEN & F T,
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[RIERA]

Z[f((n-RD]= Y f(n-lT)"

n=0

— S f-DT " C f((=RT) =0 forn<k)

n=k

=Y fn = F ()
n=0

(b) BIriAT
SN AED f((n =T = Fi(2)F5(2) (10.1.12)
n=0k=0

[FEFA] n<k T f((n-KT)=0THLHZ L6

SN AUDf((n =D = 3 Y {i{(KD) fo((n - k)T)z™"

n=0k=0 n=0k=0
= Y AKD) Y, fr((n=T)z™"
k=0 n=0

= ¥ AT Fy(2)
k=0

=F1(Z)F2(Z)
10-2 S RZ VT 4V E—

BRI TV Z VT 4 Z —IZIZLL Tk~ % FIR 7 /L% — (finite impulse
response filter) & IIR 77 ¢ /L. Z — (infinite impulse response filter) 723& %,

10-2-1FIR 7 4 )V Z —

IR 7 4 V2 — & HIEENK 10-5 (@) (R T LI, AJix, 2k Vo TNVAT
T(k=0,1,2,-,m -1 L7 A7 x, (\CHI q T THZ &Y

Vp=0AoX, + QX1+ ApXp_ o+ + A 1 X mi] (10.2.1)
IhEHDy, ETEZLOTHD, mE (X o7 v, (1011D)RE Y z BT
X1H TN RT Y I TOTF 4 L—T 7 I TEDLEN., @EIIOGEDO LS IcRDbEN
Do t=nTIZA YNV AXx, AT DHE, non+l,,n+m=-UTmEDA 302 (Al
HARED A 730 2 51)
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Yn =00Xps Yp41 = N Xy, o0 s Ynem—-1=pu-1X, (10.2.2)

NI EN D,

delay delay
T

Yn X(2) Y(Z)
(a) WFFEIFEIE COFRFL (b) z EHTOFED
¥ 10-5 FIR 7 (/L X —
D=
dp=ay=-=ay_=l/m (10.2.3)

DB HEEZD L, ZHUImBEDOANT —2 OBENEY R4, /Y TIEET AE5
VTN LT fE R EAET L L

x, = Vel (10.2.4)
£
1
V'S iom- V. itne(m- i
y, =— Eejw(n r _ Y, jf{n=(m-1)/2}oT sn‘l(mwT/2) (10.2.5)
m = m sin(wT /2)
L S S B 1071 T T
i FIR filter (100taps, equal-weight) | i A FIR filter (1 00t
1.0 | ] of - L
:\ 6
0.8 i -10 /
_ '\ 8
> r E ~ [ N
;: 06 | _ E -20 : Ay
0.4 -30 |
0.2 | \ | -40 [
oo Lo N0 Vo N NN 5ol |
0 0.01 0.02 0.03 0.04 0.05 0.0001 0.001 0.01
f/f /£
(I H % (b)xtEx H %
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10-6  BEVFEE) y, (m=100)D JEHERHE

L7223 Ty, D JE B AR
sin(mawT /2)
al  |m-sin(wT /2)
L7 %, X10-6 12 m =100 DE ORBE) VL5 O ER BRI E 2 "4, B E KO K
INZ~6dBloct DIWHEH—T CT7 4> T D&, -3dB > AT EWE f. = f,/12.3mD
1R LPF LR ECTH D EHERI S LD,

Fro. U EX VY TN T — 2 OB OV B RiEEZ D Z L TE D,
KefEIRR T CH > 7 7 Licn DT — %t > NOEWO & 2 JEWRRBIRIL £,/2 T
B0 =3dBJE B EIMRREIL £, /1230 TH D Z EN D,

Vn
X

(10.2.6)

10-2-2TIR 7 4 )V Z —

7 4 14— & B IR 10-T@IS R & 1S A Yt Y Yo (O ERE
NWED by, by, b, T TA x, EOFE LD EDTHS, Wb
Yn =Xy + D1y 1+ by, o+ + by, (10.2.7)
FIR 7 4 W —DEE LRI mE 5 v 7HEND, z BB TIEOXHDOX AT 7T A
TREAZN

Y(2)=X@)+ bz + bz 2 4+ b, 77 ™)Y(2) (10.2.8)
L7 »T
X(2)
V() = 10.2.9
@ 1-bz ' =byz = =b 2" ( :
LD,

xn——>@ >, X(Z)——P@ *—> Y(2)

T |---- T Z—l L Z_l ]
delay delay
(a) WRFE]fEIE COFEFL (b) z BT X BFRE

10-7 IIR 7 4 L& —
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MEE B EALT 5720, by =0, b =0(k=2)D 1% v IR 7AVH—%EZD,

t=nT\ZA /v Ax,
x, =0, x,=0(k=n)

BN DL

k k k+1
blyn =b1xn+bl+ Yn-1

k-1 k-1 k
Dy yue1=b1 x4 +Dyy,

Yok = Xnek ¥ 01V nii-1
X, koA RTy THROH I
k-1

k+1
Yok =Xnek + blxn+k—1 Tt bl

k
D bl Xp T bl Yn-1
k
=bl Xn

Ly ERICHINEI Z LT D, £72(10.2.9) LY

Y(2) =1 X(2)

-1

F72(10.2.10)=0 kY
X(2) =z_1xn
ThHHN5

1 Zl’l+k
Yn+k = 2ﬂj.§ﬁz_bl

X(2)dz

=b" X (b))

k
=b1xn

(10.2.15)
L7200 (10.2.12) & 7] U R
(272 %,
BRI Slokk LT, X
10-8 IZ” T L HIZFIR 7 14 /L X(z2)
H— L TIR 7 4 V2 —ZHH
BB 7 4 ) TR
ZTHIET AEEDT 4V
Z—Fpt e EBSHZ LA T
x5, [X10-8 DIEEREK

(10.2.10)

(10.2.11)

(10.2.12)

(10.2.13)

(10.2.14)

Y(2)

H(2) 1% <10-8 TYHFNLTANE—DTr YT

Y(2) = apX () + a2 X (2) + -+ a, 7 " X(2) + bz Y(2) + by Y (D) + -+ b, 2"V (2)
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0
Y(z) = H(2)X(z)
do+ar bt a, " (10.2.16)
1=biz ™ =byz? =i = b, 7"

H(z)=

D, INEVEEO T OFHBBTREND T 4NV —EFEHTEXS, 20k
IR T 4 IVH — D ERE A R D B2, (10.1.9) NOFH Tl ~7= X 9 1T

z=e/T (10.2.17)
EETIELV,

10-3 sz2BW|LToHZNVT 4V HF—
10-3-1 4 V' SNV RIEERE

AEITIE, 777 AL TER SN DAGEEBEG) 1D zfz{@fﬁz%ézhé{z: £
B HG)ZBRD D HEE UTERN T[40 )V R REREE] IOV TR, REIT

[ REHRE ) (IZDONW TR %,
AT x(t). BIy() DT 7T AR X(s). Y(s)& LT, X()ITHT DY (s) DIGE

Y(s) = G(s)X(s) (10.3.1)
TR ITIRERE G(s) DML %
g(t) = L[G(9)] (10.3.2)
T Bl t=nTIZET 5 y@)ix
nT
y(nT) = [ g(t)x(nT - 1t)dr (10.3.3)

ThHxbDd, o Tialds &
n-1
Y(nT) =T Y g(KT)x((n - k)T) (10.3.4)
k=0
EETFDHDOT, ynT) % BT 5 L

o n-1

Y@= Y X Te*D)x((n~k)T)

n=0k=0
= N Te(kD)z™* Y x((n - k)T)z™" P (10.3.5)

(o x((n=k)T)=0forn-k<0)
&7 0
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Y(z)=H(2)X(2)
CELZENTE D, X(IEx()DzEHX(7) = Z[x(nT)] TH Y

H(2)= Y Tg(nT)z™" = Z[Tg(nT)]
n=0

(10.3.6)

(10.3.7)

Tl BHRICHBT DR E T D ENTE D, y(t) =g A > 7OV A ATt
TAHIEEERDL TSI ENDHA VL RSEOFBMENRELS . 2D X 972 H(Z) D
WEEE 1A 7 IVAREAREE] &S, LUFIZ 1R LPF (Y HPF, 2K LPF &

TN HPF (2O Tl &+,

@ 1®kua—R7 4% — (LPF)

(A3 cE s

W,

G(s) =

S+,
g(0) = L[G(9)] = w.e
ThHZB6M., 5 x()% 1 IR LPF 2l L= D5 75 y(1) 1%

t
y(0)= [g(t)x(t-1)dr’
0

t
=, [ x(t~1t)dr'
0
E7b, T TwT<<1& L T8ROy &b Cirfl 42 &

y(nT) =T Y e x((n - k)T)
k=0
EETHDOT, Tk zBH LT

Y@= T ¥ e x(n-T)™"
n=0k=0
= H(2)X(2)

H(z) = Zlo Te™ " 1=, T Y e " 7"
n=0

< w,T
=w T 0T )

(|z|>e_

X(2) = ZIx(nT)] = Y x(nT)z™"
n=0
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(10.3.10)
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Thb, ZDH(z)IE(10.2.16)=Ul

T X(2) Y(2)
ay=0T, a,=0k=12,-) @—T—>
by=e¢ T, b =0(k=23,-") ! -

(10.3.13) 1Y)
tBWEbDOTHZONDZ & o7
INBTIR 7 4 MV —CEBTX 3 e T 77y (z)

ZENZMNY, HQ)DXAT T

g W,
AFK 109 D XS ITHiiT 5, 22 ;6
T(10.3.11) KOWZH % KD T Hr -
% & 10-9 1 LPF & 2472 H(z)
((10.3.12)R) 2RI XA T 7T L
y(nT)=Z'[H()X(2)]
=—¥¢H@X@ﬁ*&=wf¢ S X()dz
27 27j 2= e
.. T < —-(n-k)w,T
x(kT) —dz=w,T Y x(kT)e "~
21 12 gfz et g)
= wCTE x((n=k)T)e kT

k=0

720 (103100 EFRUMREHEL Z E03mn5 ESH),
WOr—T T

R [ 1RLPF(A > /L RSB TR ) W
=B H (2) D JERECRAPEL 0 i

EHDER TR L I AN

2= L BNT _ 0] 2

= I

. w.T )
H(eij) =ﬁ T L
l—e @l e™/? T 20}

(10.3.14) \\\\\
THZBND, ol <<l KV 30 | ;/2
w, T <<1TiL Sl

H(e'®T) =; "0.0007 0.001 0.01 0.1 i
1+jw/wc f/fs

(10.3.15) [ 10-10 1 ¥k LPF O &5 Rk

LiIEPlTE, ZHIET ST A

(1 2L RIS
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TEHATN B SR 72 JA B PEBI L G(j) 125 L\,

o 21 10-10 D 512720,

1,12 (f, =, /2m) L F OEFEEER TIEGo) 2 —8T 2D 2 ER0nd

-(n-k)w, T

-0.T dz = zm[zn_k]z=e_wCT - Zﬂje
ci-e "

n-k<0m & x

¢ -w.T dz = ¢ kn wCT)dZ

czi-e (ze

2.7_?] dk—l’l—l 1

= 2JU[ k-n ]Z=e_wCT + (k -—n— 1)' [de_n_l (Z _ €_wCT )]Z=O
_ i, 2D T (k= n =) L
(k -n- 1)' (Z — e_wcT)k_n z=0
. k-n-1
= 2JUe_(n_k)wCT + 2JT‘]((_1;3€_VZ ' _(k—ln)w T
—_ e c
-0

(b) 1 & NNA XA T 4 V4 — (HPF)

FSEESE

G(s) = (10.3.16)

s+,
g() = LG(5)]=8(1) - w, e (10.3.17)

0
nT )
y(nT) = [{8(t) - we™ " }x(nT - t')dr’
0

= x(nT) - ¥ Twe ! x((n - k)T) (10.3.18)

k=0
L7 > TY(z) = Z[y(nT))iZ

Y(2) = ix(nT)z_” —i iTwce_wcka((n -kD)z™"

n=0 n=0k=0
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=H(z)X(z)
L7 b, T2 CEEREEHGR) X

n=0
w T

1 _ e—a)CTZ—l

=1—

-0 - !
=0l -1

(10.3.20)
Thzxbhd,
JRBBRE I 2 = /T BT

w T

JoTy _1_
H(e™ ) =1 ~o.T - joT

—é€
1-w T -e T/t
1_e—wcTe—]a)T

(10.3.21)
E7es (410-11), IRk oHE=
Bkl 1 k72 7 HPF LV &
AN

(c) 2R —/RR 7 4 V& —(LPF)

2 Yk LPF OARERSUIT

G(s) =

(10.3.19)

L R 21 B A 511 S A S 1 B R S R3]
[ 1 RHPF(A Y /VRRSEREER) . /F =1/100 |
0 - D
//
//
/
—~ -10
g /
T L
— -20
r %
L /
/'
30 L
I 1,12
L A
-40
0.0001 0.001 0.01 0.1 1
f/fs
10-11 1 ¥k HPF O J& $E
(A 7SIV AR EARIENE)
2
De (10.3.22)

2+ 28w, s + 0}

THZO6ND, Gs)lFFET RO

pip=-Cw.xw, VE2-1 (=D (10.3.23)
p1 =Py =-Cw, €=1

ZHWTRO L HITET D,

G(s)=

(s=p(s-py)
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() (E=D)
e (10.3.24)
wC
(s+w )2 €=
KV Gs) DI
O (et _er) (ga
g =LG®]=1 pi-p (10.3.25)
wgte™™"! &=
720 HQIERD L HITKE 5,
] jf—/zl ST @YY (@ e
H@) =T Y gy = V70
n=0 w3T2 En(e—wcTZ—l)n (C _ 1)
n=0
alz_l 39
R (10.3.26)
T
a, = wc—m(el’lT _€P2T) \
a; = 0T £r-1
by =20 (for £=1), b =elT 4el?" U(for £=1) (10.3.27)
b,y = g2 by = e(P1+P2)T
ThbH, FAT I T LT
KbTEX10-12D LD X(2)— t » Y (2)

(272 %,

ZIZTANX@ T4
NS TN D EREE
THIREROISE E 1
TV T AT TS
EBOLELETTHLOT
o T <<1 THIUTIEHE T
%o &2 TInERBEH(~2)
%
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%0

H(z)= (10.3.28)
1 - b1Z_1 - bzz_z
Thrbol¥+5H, 22T
-Co.T
ag =Lsin(a)cT 1—@‘2)
£<1 N
b, = 20750 T cos(w, TH/1- £%), b= _e 2T
g1 | Gom@Dre > (10.3.29)
bl - zewCT, b2 - _eszT
-Eo.T
ap = wle_ —S———sinh(w, Twl -1
g>1 VE* -
=25 Tcosh(w TNE*=1), by=- e~ 2k0cT
ThHO. XAT 7T A iI 10-13 D L2127 5,
B DT=0 Y (2) = G(2) X (2) DWW Z KD D &
y12(nT) = —gS S X@" Tz
- Li (kT)gﬁ 2" d
B 275]' k=0x Ci- eplzT ¢
= Y x(kT)e! Pt (10.3.30)
k=0
£0
Y(2)
|

T
Y(nT) = — {3 (nT) - y(nT)}
2] /—1 s 1 2

= Ex((n k)T)(ejkplT jkpzT)
2 I—C
(10.3.31)
Eb, —FHoT<<l& LT, 777

AL ((10.3.25):0) LD

10-13 2K LPF & %72 H(z) &

nT

y(nT) = [ g(t)x(t-1dr ROTHEAT I T A
0

2
L f(eplt —eP2")x(nT - tdt'
P1—DP2 0
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Egﬂ“' P yx(n-KT)  (for o, T <<1) (10.3.32)

\/1 &% oo

L0, (1033 E—BT 5 w_ i
LR of o fs=100kHzl_:
— 77 ° . . TN f =1kHz
H(z) D JE B HR PN 2 = 7T : ™
k%l/\b’CH(eij)vC“’—il—-/%_%m\ o -20
10-14 12 — o
{(uchus=(ll(=a%772ﬂ) g? 40; ;
£=1 - - fr/2 4
, -50 [ H
DHAD|H )| % T : N
-60 | >
1 %X LPF D355 L [k f, /2L i |
T@ﬁg\iﬂzf G(]G)) L#ﬁj—éo 0.01 0.1 1 10 100
f (kHz)
X 10-14 2 ¥R LPF(E = 1) D&M 55 ek
(A 27V R ISEARIENE)
d) 2% ANAI/NRAT7 4 )vH — (HPF)
{REERE %K
2
G(s) = > (10.3.33)

2 2

s*+28w.5+ w;

IZBWT, E=1DHEITONWTEZ LI, =1 TlX G(s) DikHh

2
80 = L —51=8(0) = 20" + wre™™! (10.3.34)
S+ @,
0
B =1 S TG0, T naprere T
n=0
=1- 20.T + CUCZTZe_wCTZ_l
l—e_wcTZ—l (l_e—a)CTZ—l)Z
-1 )
ST (10.3.35)

1— b]Z_] - sz_z
kb, ZZT

212



ap=1-2w.T " 2@ tHlpF(4|//\)bzrt§7lr££)
a; =-Q2-2w,T - 0>T?*)e T ol i
{ay=e?0T e -
by =2e™T — 0 f
by = —e~20cT =
\ = |
(10.3.36) ! i
Th o, JEBEEFER ol
H(eloTy = %0 + ale_lij + aze_%ij fi/2
1-bye T —pye=2/eT ol \
(10.3.37) 0.0001 0.001 0.01 0.1 1
THEZBNSR, [110-15 127 frts
I ARSI BRI D PR R X 10-15 2 % HPF(E = 1) D&%
PR+ TH 5, BEPE (2 SV AR R)

10-3-2 W 1 RE#IE

A 2V A SEAAEIETILLPF T 10-14 12 /LD £ 9 12 @O 8 I 3 E I Rl 4k
FRPEDS f 12 KX VARWEEE D A LRRZEN KR E < 78 %, £72 HPF TIEX 10-15 (278
TEOICREFERA TS TH DL, FZTAETIES ) — 2D s-zBHETH LN
REME BT H LT D,

x()DFETZEy ) ETDHE

nT
y(nT) = fx(t)dt+ y(n=-1T) (10.3.38)
(n-1)T
ThoHrNrb, MoxaBANTEEILT
y(nT) = g{x(nT) +x(n=-DD)}+ y(n-1)T) (10.3.39)
1R}
y(nT)-y(n-1)T)= g{x(nT) +x((n-1DT)} (10.3.40)
ElD, ThvE A HLT
(1-z27HY(2) =§(1+Z_I)X(z) (10.3.41)
1R}
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T1+z_l
Y(2)=-—F
21-z

X(2) (10.3.42)

2180, —J. yOIIx() DR TH LG T 7T ALEHTIT

Y(s) = lX(s) (10.3.43)
S
THDHZENBs—=(T/12)A+ 7 H)/A-7Y 72 D RSEMRB AL L, s & zDxbIE
21-7"
ST (10.3.44)
725, BB Gs)lZxtind DR S H(z) 1%
-1
H@)=GE—2 ) (10.3.45)
T1l+z

ThHz2 6D, LLEDs—z85¥8A T 1IREH] L),
DI, e LT 1 RE#EIZLY 1% LPF, 1% HPF., 27 LPF X2 HPF
DGR E & K 5,

(a) 1 ¥k LPF

fREEREE
G(s) = —2¢ (10.3.46)
S+,
THZbN5, 22T (10.3.45)
ROBEHREERT 5 & Gs)D 225 T 7 TO0!
i jt of i f. =1kHz |
i N 3
H(z) = Pe 10 f
21-7" o N
2 . @ {
T1+z77! =~ 20
4 =
_ wT/2 1+z £ 30
l+wT/2 l—pz_l m
(10.3.47) 40t
Lirh, ZIT 50 |
p=dz@T2 10543 I
1+wT/2 0.01 0.1 1 10 100
B, LitiioT Hz) DR f(kHz)
BRI X 10-16 1 LPF (W 1 IkZ#a)

214



T2 1+ T
1+w.T/2 1-pe /T (10.3.49)

H(eij) _

ThHEz b6h, 10-16 D L H 1272 5,

(b) 1 X HPF

10 T T T 177
. [ , = 100kH |
R RSk : 2=1kHz )
G(s) = —> (10.3.50) o |y
S+ C()C e ¥
%
W RIS MY & T o 3B 10 ve
iz X A5 ’:e?
-1 D -20
H(z) = I+p 1-z —~ T -
2 1-pz
(10.3.51) 30 | 1.2
145, T 2T plE(10.3.48)K ; Wi
THABND, ETH(2) DA Qo o1 : 0 100
BRI z = /T LT f (kHz)
) _ - joT
H(™Ty = “2” : 11 ¢ e 10-17 1 ¥k HPF o & Sk
(10.3.52) O 1 RZ5H#4)

b, H10-17 1w, T =2af./ f,

=2m100@%éﬂ:ou\1@‘H(ef“’T)‘7&%% A LV ASERE (1K 10-14) 12

AR O MERENRIETH D Z L B0 5,

(¢) 2 LPF

{RIEERI R
o 0.3.53
o= ) 10.3.
© 2+ 28w, s + 0} ( )
(I 1 I L C
2 -1 )
H(z) = (0. T/2)"(A+27 +z77)

1-2z7 4+ 272 4 G, TA- 272 + (0, T/12)*(1+ 27+ 272)
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1+ 2[1 + z_z

a (10.3.54)
0 1— blz_l - sz_z

155, 22T

"+ Lo T+ (@,T12)° - 2KLPE folfo=1/100
Y P~
2{1 - (w,T/2)*} - N
1= 2
1+ 8w T+ (0w T/2) 20
_ 1-toT+T12)° -~ =1
1+ &, T+ (0, T12)* | S 40
T
(10.3.55) _
-60
ThH V., JEEEREIX -
; 1427707 4 g2/ 80 |
JoTy _
H(e™)=qaq 1- ble-ij _ bze—ijT I
(10356) : %(.)0001 0.001 0.01 0.1 1
b, M10-1812¢ =1, T = f/fs
2f, | f, = 2100 DA D|H (T 10-18 2 ¥k LPF o & i ¥t
TR, O 1 A H)
(d) 2 HPF
=R
2
G(s$) =5 (10.3.57)
s*+28w.5+ w;
(CB T IR A A i L C
1-2z7" 4 272+ E0 T(A- 272 + (0, T/2)* (1 +227" + 272)
-1 -2
P £ T (10.3.58)
1 - blz_ - sz_
15, 22T
1
ag = 5
1+ &w,T +(.T/2) (10.3.59)

by =2{-(w.T/2)*}ay,  by=-{1-Ew.T+(w.T/2)*}aq
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Tho, JEREEET

1-2¢7 /T 4 g72J0T

T
H(e’”" )= ay

(10.3.60)
ThHz2b65, E=1D5EIZ
ou\f‘H(ef“’T)‘fz 10-19 1257
£ 10-151ZR_R Li=A v 23
A SSERIE TR DT HeT)
LT B b BEREE R
B THAHZ ENGND,

(e) 27k BPF

=R
(ZxF LT 1 IR
2 1-77!
§—>—" —
T 1+7
% L C
-2
H(Z) _ ao 't]azz —
1—blz —b2Z
(10.3.62)
g5, ZZT
o T
ao = —a2 = 3
1+ 8w, T+ (0, T/2)
Al (0 T12)%) >
! 1+ 8w, T + (wCT/2)2
y__1-to T+ (0,T12)*
> 1+ Ew,T+(0,T/2)
(10.3.63)

ThoD, AWEFMEL =/

1- ble—ij _ bze—ZJwT

H (dB)

G(s) =

IHI (dB)

-20

-40

-60

-80

0 —rrr T
2 RHPF (R 1 RZEH) fulfy =1/100. ]

0.0001 0.001 0.01 0.1 1

f/fs

10-19 27 HPF (W 1 RZH#)

2805 (10.3.61)

2+ 28w, s+ 0}

WO T
2 RBPF (W 1 REH)
A |
0 5
i / Pz \\\
-10 [ /

i / \
-20

30 L4

\

-50
0.0001 0.001 0.01 0.1 1

f/fs

10-20 2 BPF (W 1 YRZ54#a)
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EBEWNT

ag + aye 2T

H(e/"T) = .
1- ble—ij _ bze—2ij

fﬁzgméogﬂ@%émowf@wwﬂ%muuom%#o

10-33 %> 7« A= FEF (O RAF—N FEF)

(10.3.64)

PEDISICLTT AN LTE T2 DAL T e 7 I EH L
SENDOT o THEEmOATESE L THWAHEEEZD (X84), ZoLtxnth
EH1EK 821 IR T X YK nT ~(m+ )T OB THE—L KENZEES (0RFE—
VRIER) BNELfEbnd, KBTIk RY T - R—L RENTES

[ee]

y(1) = EX(kT){u(t —kT) - u(t - (k+1DT)} y(1) x(nT)

k=0 \

(10.3.65)
DR S TH 5 2 L1 T f_Ll_ﬁH_hﬁ_l_ﬁ

5. (8.90) & T 7T AL B L

00 e—skT e—s(k+l)T i i i i i i i i
e e
2€_ST/2 . sT — —skT i i i i i i i i i i
-= MM%?gﬁH% \ )
L7 b07T, (10.1.7) LY X 8-21 OWA—/LRENTIES
-sT /2
Y(s) = smmghf@)
72 Sinh(sT/2) < .
—e '_7575__ng£X“+anQ (10.3.66)
LD, LT o T y(r) DRI
L jer2sin@T12) o 10.3
Y(jw)=e ——:;;75——n25;¥(]au4-na%)) (10.3.67)

D, TNEY 0> 205, PDHEIT o <0, /20 BEEEFEBIZ BV T

Y(jw)=Gy(jo)X(jw) (forw <w,/2)
LTHIERTES, TIT
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Gy(s)=e T2 %S/];z) : 0 Rk— b
(10.3.69) ° I\
30 AL FOGERBKTH a0
%, X 10-22 (2 B HUER 2
Gy ()| %7 2 0
WbFVsAT 4 s —Th o |
BL=T—%% DIAZHLTO : _
WAR— REni=7F+u 7/ E5 -40 | fo/24
(N MOk 2 < SN R Y b j ]
R 7 0 v & — O JE B BRe 0007 0.001 0.01 0.1 \ 1
B H(e“T) & Gy (jo) DRETH: #/1,
bbb, 10-22 O RAR—/1 RO JE 5
Y(jo) =Gy (jo)HEHX(jow)  (for w<w,/2) (10.3.70)

BB 5503% X 51T f,M0LL EOJEJEEGEIK Tl (B 5 A7 MUIZHT % Gy (jo) D
WENEECTE RO TERENRLETH D,

10-4 EBEEOREM

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

IZBNT
ag+ a2 et a, 7™
H(z)=—")—1—— —m= (10.4.1)
1=-bz =y == b "
DR R
b by = b, =0 (10.4.2)

FEMREFFZ720WbD LT 5 & R FRAXDORINS H) DR — p, (k=1,2,-++,n)
Z VT

H(z) = F(z) (10.4.3)

(z=-p)=-p2)-(z2-py)
LEIZENTESL, ZZTFQIIR—LEZEHEZRNLEDO LTS, H(p) DWERLE
h(nT) = Z"'[H(2)] (10.4.4)

L LT
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Y(mT) = Y h(KT)x((m - k)T) (10.4.5)
k=0

MARTH 5722

|h(mT)| <0 for m —w (10.4.6)
TRIFNTR B, 22T
1 F(2)z"™!

WmT 2 fH mld
(mT) = gﬁ (2)z Z= 2JT]C(Z Pz =Dy (2= p,)

n

B AV AR (10.4.7)

n
k=lnr¢k(pk - pr)

£ 0 m— oo T pl I NARTRTIUZAR ST,
H(z) DAETDR—=IL p, OHERHEA

pel<1 (k=1,2,--,n) (10.4.8)
ThHIEN, TREETHDHIZODEMET
HbH, MHRNEETHDH-DITIL, B
BOERTOR= VT R OJFE R 2 Fls &4
D1 OMANIZRRITUE R B2y (10-23),

10-23  ZZEnEk

10-5 XZF—U—RT 4 )V F—

9 3E/ﬁf /\fx_J: 9] k—n/k ﬁ Z_l
INF—T]— A « @ —/NRA T 4

IV & — DR EEREHI3(9.3.6)7

a)n

G,(s)= <
(s=p)s=py)--(s=p,)

n

R
=ES'Z (9.3.6) Xz —e—>»
m=1°" Fm

ThHEzxbhb, ZZTp, (m=
LSm)lEET1 &(@T~/V
<(9.3.4)£t\ 9.3.50). R
BEchsd (9.3.8), 9.3.7)
NTHEX LN T 7T A4
gt = LG & ANT, A~ 1025 NA—T—R « @—s<2
PNV ASSEREE AT 5 Z TUNE—DT T XN (EFEEERE)

Y(z)
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ET NI =T =T g — (B—=/3R) O BB DR H () I

H(z)=TZ[gkT)] =T ¥, ¥ R, e’ 7
k=0m=1

= iL (10.5.1)

_ T -1
m=11 ez

THZ b, K10-25 (R T 70T ALKV ERTES, HLZOE £ TIIESE
BUEFE D ME R T2 OB E O JUCRENIR D, £ 2 CEBIHE O A THEL HIEES
ZED. B=Ivp, . plZBTDEEE R(p,) . R(p,) &T 5 &L (9.3.13)RKVY9.3.15)
ALY

R(po)=R'(p)),  R(pp)=R'(p,) (m=0) (10.5.2)
THHIENDHQIZRDO L HIZET D,

nMER DG
nl2 *
R R
H(z)=T ¥ ( m___ 4 m
m% S S WS
n/2 1
= ¥ om =t (10.5.3)
1-b,,2 " =b,, 272 o
nINER DG E
(n-1)/2 *
TR R R
H(z)= Tt ( ot .
l_epo z ~ 1_er z 1_emeZ—1
a w2 e _a 7!
-—0 Om__—lm= (10.5.4)
1-byoz mat 1=b127 —bop2
ZZT
agg = TRo, blO = epOT = e_wCT
doy =T(R, +R,), aj, =-T(R, e’ + R ePnT) (10.5.5)

blm = eme + eme, me = _e(pm+pm)T = _e_wcT/Qm

Thbd, HIEK 1026 DX AT 77 L TERDOEIN, R a,,, a1, by by (32 THE
BTHHOT, HO0UOFHAE L THATRBITIED L IXFEREE DA THET, (10.5.1)

R FE7713(10.5.3), (10.5.4)20 % 0 3K F 5225 H(z) O 8 3 5k ‘H(eij )‘ %% 10-27

2R,
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X(2)

(a) nMBEOBE (b) nNEFEDOYE
[ 10-26 nikANZ—T—Z « 7 4 )L H— (FEEIHEE)

BWF_Digital_data

20
/£, =10
20 3 B B B .51 B B A R A8 y r S/ fe
NRAZ—T—Z LPF (FFOT T 1 V& —) i or N
oL | i \nz_ Iy
: \\ : -20 AN
L N ] L 3 2
-20 w\\ i i \\ 4
—_ i =1 i ~ i
m L \ AN \\\\ o -40 r N \{ a
S 40 ne2 H 2 ANY
= . N = 60 [ 8
2 60| fe ™ & i \
New] C (-3dB) N R)
5] : n=5 N :\E/ 80 L 10
80 [ \ - = A
n=10 r
2100 : -100 r
120 i -120 |
140 L i 140 L
10 100 1000 10* 10° 0.01 0.1 1 A 0
f(Hz) f/f 1,2
() TFHa2 T 4%~ G(jw) (b) L HNT 4 NHF— H(T)

(A 27V A BTSN
X 10-27 RNH—T—Z « @—/3R 7 ¢ )L X — DR
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10-6 =BV =27 « 7T 4 )VE—

FrbyzT c TANAE =BT H, REBKGE)DOR—IVE p, L, p, Tk
TORBEAER,ETDHE NE—T =T 4 VF—DIrERE$(10.5.1)70F 721%(10.5.3)
A, (10.5.HR & R ORRBRIKN AL L, 7%

aogg = TRo, blo = epOT = e_wOT

a,, =T(R, +R.), aj, =-T(R, e’ + R, e’nT)

* £
blm = eme + eme’ b2m = _e(pn1+pm)T = _e_me/Qm

ETHIET, K10-26 ERICT AT XAN@EHATES, 22T
Py = - sinhv - cos{(k -1/2)x/n} + jw.coshv-sin{(k-1/2)w/n} (forn= even)}

Py = - sinhv - cos(kw /n) + jw,.coshv - sin(ksw /n) (for n = even)

BF == TAAL—OR—L Ffx O 2 ROEERBICI T
W = Pkp;t = %\/COShZV - c0s20,
- \/PkPZ _ \Jcosh2v —cos26,

Di + p,t 2+/2sinhv - cosf,,
Th D, X 10-28 (2 H(z) DB ERHEZ =T,

Ok

20 ——— CHBF_Digital_pit1 , N __CHBF_Digital_pk2
e | I
ripple=1dB(e=0.51) ; 2 i
20 ANNN Tl o 2

: i o _
3 - » N
4 i .

\\\ 4 B ripple 30,

AV )

-60

-80 } - :
| o\ I | I
4 -4 .

IH(€"T)I (dB)
IH(e"T)I (dB)

-100 |
120 -5 | \
-140 : -6 t \
0.01 0.1 1 1 10 0.01 0.1 1
f/fC f.12 f/fC
(a) JEERFE: (b) U FIHEKIK

1028 FxbELY 7« B—I AT fJLH—
DR (A 273V A REARZEE)
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10-7FIR 7 4 )V &4 —

FIET Tl A v 7SV RIREAREEE AW TIR 7 4 V2 —OREEEZ R TE 208,
BEOFHEED 2 HH e FRHREPLETH D, bo L EEICEARD T 4 L F —Filk
BETUOHNT 4 VA —TEETDHHIECIR 7 4 VvZ—% WD 5ERH D, TIR 7
A NVE =TT ED 7 4 NV E — THEMMARRE A S HICEBR TE2EMAH Y | JA<
Ao Tng, & 2 CRECTIEAMEMR T 1 V2 —Z2E0 B, IS sty
% 22 BABIEIZ DWW TR T 5,

10-7-1 fLAHE MR (BEEBE—RE) 7 AV H —

FERIN 2T BTG5 fFu - D RITITCDES f() ER U Th D, f)DT T
AW %

F(s)= LIf(D)] (10.7.1)
ETBHLE. ft-1)DT T T AEHIT
Fy(s)= LIf(t-1)]= e "F(s) (10.7.2)
Tho, b, ft-v) 0 EEREMESIT
F (jw)=e " F(jw) (10.7.3)
THZ biv, JLO(E 5 O R BRI RIS L TRz A3
0 =-wt (10.7.4)
TiEND, 22T
dO/dw = -t (10.7.5)

EERBIEE =9, ZAVE VAN EEE o & ERRBRICH D56 AN EREEA
—EDLG BTN IREIND Z L3005, 2k | AZEBEB O AR E
Wt b EMHBERICH D BRELEN —ETHD) Z Lk, WEEANRDILRWEHED—D
ThHIENBRD, T THEEELDDIRNT V& —L UTHHERRT 4 L H—
BEEZDZ LT D,

N% 7 FIR 7 4/VH—T7 4

NE—ZWRTHbDE LT, £ MnT) é:ﬁé
DInERE % |
H(2) =N§jlh<nT>z'" (10.7.6) TT T T I [ H [ I T I TT \
n=0 012 /X N-1
LI 5, 11029 1R T & ST M-l Nz
X T DEHEAEN X v T ORI X 10-29 EXSFRIR S v 7
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& TR
h((N =1=n)T) = h(nT) (10.7.7)
THIE, H(z) DFEREEM: H o) ONARDSERREME L 72D,

<ZFB >
5 TEPEEDEA
N/2-1
H(z) = Eh(nT)z'" + Eh(nT)z

n=0 n=N/2
N/2-1 N/2-1

- Eh(nT)z'" + Eh((N—l— n)T)z N-1-m
n=0 n=0
N/2-1

— Eh(l’lT)(Z_n + Z_N+IZn)

n=0

N/2-1

n=0
N/2-1

=2e JIN=DoT /2 E h(nT)cos{(n -
n=0

L7225 TF(w)(=F (0) ZE885E LTHE )1

H(eij) _ F(w)e—ij(N—l)/Z
EET AL O =~(N -DoT 21T 0 \ZHBIT 25 (B CTH D) Z ENFEH D,
B THNEFBROLGE bR L CRETE 5,

N2— Loty

AHERE FIR 7 ¢ L& —Offi e & LT N EBEEY
h(nT)=1/N (n=0,1,---,N -1) (10.7.8)
BB THE I, BEPEHOREREIT
A _ 1/N forOsn<sN-1
H(z) = E h(nT)z™" (h(nT)={ , ) (10.7.9)
n=0

0 otherwise

EET DO TEOEWBFEREEIIRATHE 2 b D,
N/2-1
H(e/T) = g™ /oN~- T2 2 E cos{w(2n - N +1)T/2}

_ L av-ose, sin@No/0,) (10.7.10)
N sin(zrw/ w,)

T, =2n/T YTV TAEKTH D, Lizid-> TH(T) ORFIE
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10— rerererr ey O

- _ _ 0 .
0=-n(N-Dw/w, o 1 180
(10.7.11) : D) _““‘\\\ . _
-10 \ -360
Gy e N —~ i ‘,‘ |
720 EAMIFE T % 0ol {\I\‘ -540 i
- AWAN = [ f/fc=1/100 ' o
b LBYND, e | S {l 8
. = -30 e iie 720
[H(e/)| B r0 % [ s . N\
B -40 i MI\ H -900
10-30 12777, I \ V \/\ |
50 | retb 4 1080
: fs/2| |
GO Ll il H -1260
10° 0.0001 0.001 0.01 0.1 1
f/fs

<] 10-30 & Eh -2 O JE B R
10-7-2 Z=EA%K

X 10-30 IZ 25 K HIZFIR 7 4 VX —D X v T OEZEEh(nT) % 0 D HNERD
AIREE U, FABRENSNE2D 0ICLTLEI ERERY IANETD (XFT
ABZ), 2D LD 7Y TV EMEIT 5 72 OI121E h(nT) 12 78 B%L (window function) w(n)
ZONTTONLHERMICREL L, S HICHRED HEEGENIZED L ThoTo T
DEMERITON D, BB T T AR H,, (2) 1%

N-1
H,(z)= E h(nT)w(n)z™" (10.7.12)
n=0

ThHZ b, BEBIC I DB EARZBR/INCIZ D720, BB E U CITERA AR
PEZ RO L O IR ((10.7.7) X&)
w(N -1-n) =w(n) (10.7.13)
RN EIEIN D,
REMRBBEHE LT, "= 7EBEK

1 2mn
winy=| UGy O=n=N-1 (10.7.14)

0 (otherwise)

NS VTR
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27n
54-04 =nsN-1
winy = 0247 040cosCmr - Osn=N-D) (10.7.15)
0 (otherwise)
(BEFMEEZRIRICITE %), KOT T v 7~ 7B
27n 47tn
42 -0. . =ns=N-1
W) = 0 OSOCOS(N—1)+008COSN—1 O=sn=N-1) (10.7.16)
0 (otherwise)

(PHIEB T OMEREEZRE S TE D) FEXdDH D, RBEN=V 7EEBRIT b~

N-1 (10.7.17)

a—(l—a)cos(zm) O=sn=N-1
w(n) =
0 (otherwise)

(0=sa<l) IZBWTa=12&1

bDThHD, RBa=054& 1
AR BBV, .
Bl ED B E ] 10-31 1277, : /('\\ N
BERODEE R D101, 08 | . A
Rk > N B E) -1 [ / \ NIVHE |
h(nT)=1/N 06T / g \\ ]
CBNTA=C IEMEEERL o, ] A DN 4\
THDZ LT 5. (10.7.14)KT [ Pt ]
§ i J TIovoRyE 1
HZ 65 wh)ZHWTH, (2)lE 0.2 / 7 \ \
1 ; / \\
H - —-n ) i ) ) ) ) ) ) ) ) ) ) ‘\_
w(2) N};W(H)Z >0 0.2 0.4 0.6 0.8 1
(10.7.18) n/N
ThHzZbN5, Lo TR 10-31  #ZXBE8%K
RIS
1 G 2nm
jcT - jnwT
H, (e’ )=ﬁn§0(l—cosN_l)e J (10.7.19)

LD, N=100@%é\bzov\f®‘Hw(efwT)‘% 10-32 127797, X 10-30 Oiigic
RoNDRERY TN (F7ABR) BMHISNTND Z LR 005D, £lo. wn)ix

K(10.7.7)REW 74O Th(rT)w(n) bRA0.7. 1R AWM= L. H, (/7)) IZERAHE &
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2%, B, NV TEBE O TH D Z LSO IEE L 6dBIs
THZEIWHETDORENRD D, I6IZ, "=V 7TEBEDN G 5856 O -3dBJE
ik, Bl =0 VRS ZEH LTRSS LcT — % & > b O -3dBERE ) fineig
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