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1 [Sampling will produce a number of translated copies of the spectrum] M Z I3 EEREEEICHITS
HBIEF R ERL. BRAIRT-VIZLHBZERLVS, £ LOEFEREESE A ALVICHZFIRSNTLY
3EtDET B, COESKBEEERLLUTREMBFRIES 23L& BARIL AR DEUV AL THERREF
BUEBDARD MUIE TICRIIEBNDIEDVNITNNEL D EDART MIDE DL IBIZARIEITHIET BN,
ROFARBEN0FEATEIFPICEEA LIS,
f ot f>2f,, f=f,, f.=2f,, f.<f,, f.<2f,

v

ANV

2 [Waveforms and their spectra in terms of periodicity] EIDZE AlEErBItEZICHTRES KR ETRL.
BRIBENENDT-)IZHERL TS, REEBDOEFTZLECLT. AHAESPHERIES ZESLE.
INEFNDIT-IIEBRZHEELSN, COEE, BEAZARD MLOBEANENFED . FEART MLDARD V5> R
BE (ARD MVERDOREIRR) [FENEED ., FEA LGSV, 2L, BEESORHZT. ERELBHZT.EL. EXR
ERBEREEEEFHRE T LTINS ERET S,
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3 [E#] ERFEESNoTIIIETENBSVATLEE A%, BH (FE1L. BARE. Rk, &#
b EFE. 2 # REEBPFATIVA BERBTIIIE O oE S B EEERNTIAY
DRICEEA LIS,

4 [CNYEH. fEEZRHEZATZD DSP OEALFFRETCELFEA] ERFRIES
x(t) = 4cos(2nft) + 2sin(2nf,t) — cos(2nf,t + n/2)
12U, f, =5kHz, f, = 10kHz, f, = 20kHz
EBEDARD MVRREBL ST VEITERE Uz BV TV T RIRBEEDLSISEHNIE LD,

5 {ESRIEHN 90dB. Fx= ER A SN 20kHz OF7FOTES =, BAINUERDTA IRIUEBICE#LE
W BTEYYTUVT BEEE A/D AVN-S0OMEEY MUFBEYNEED) 2R DL,
EZ: FEERUVVEEYMIENEDK, EEOR/MRIBICH TR AIRIBOLLN 90dB £EZ5E

20 log 2V=90 TdHd. log 2=0.3010 F£H> N=15
WZIC. FEEYFEMAT, 16EYMRBETHD, T, EXRLETFEICLD . EXRIEBRBET7TIOIESD
2fZFLL ETROINEBoB WD, FRES Y TIVD BIKR$IZ40kHz LLETRIFNE L,

6 [Dynamic Range of Signals]E & EEET(1IAIERETBEE., DIaKEE102dBDAMFIVILY I EHER
LW EEDRKIRIBICHTIEFILATYTHA XD ES1FIVOLY LR ETIEE. FEEYMED
TRIEY FDEFIEDRBED,

BEAZ: 20 log 2" >= 102, DFD 6.02N >= 10240 N=17. Leh>T18EYMILE

7 [SNR, Signal to Noise Ratio] GItH4FMEN + 7 ICE#R A

i) (BB A5 M+ 2 CEE) B PHOY 2L a0iRIE R 9B

HEARICRT . MEMORRBIRH BB BRIEL->TED., O T
BEROEBN. 1 BEIKIADE—T (AL T D, CoTaa 20 \‘\
EPUFIAUPARBMELTHAL. BAESRIEBCH 40 \
$BTAUPARKS DSNREMMABIEEFEIRL . BBERUER 60 \
BIERIEELEV, AL EREEGBIGERE LD, 780 \\

1 4 16 64  kHz
B&fiZ : 16kHz C-50dBDBEEC, TM1 U7 ATHE )45
WERD, 265, 2FN6IBEFHEN S ILTEE-44dBICE D, o ZARILFEEEB B TBHICIE. 16kHzD
21&. 32kHzLL L DERIL BIRBN D ETR,
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8 [HDTV, High-Definition Television] BAYPILAKTE R UENTSCHAXDTLE VIV ETDNERITIEE
E5(C42MHz, FHEBEESICI5MHz, EXBEESICOSMHzOFEHMNEASIN TS, 2ENEET
6.2MHzDFHENE SN TS, CO. LWHIEZELLTUEDICEED = FiHIE6.2MHz DB —{E 5 2 B EE
@B I ATHEHBRUTIEREL, BAREEZSEYMI—HREFILLTT1IRIIEBICEHRTREE,. D
BKELBIMAEY DT —ANTEDIN . BRI,

—ANTSCARXDTLE VaVEESDESEERKITIA480KTHN, PARD bt (ELMDEE YA ADLL)
(34:3THBNH. TAIRIEREELTIIHEIE480 X 640EENE EICH K TIEEZOND, COLIBEE
EEMIOMKRIRTILILIOTT1IAIITLEVIVIIRET D, T E FORBEN B ZE(Ix U TLLER RIS %
THBIEZEFALT. T4IITLEVaVBME TRIEEES Y 1ERIEICIEET M. 200BEFESC.L
CII4BERCEIIEETIENZ L\ 1TERHLNBEYINTRIATIEE. COT1 IR ENERDEY M —
Mbit rate)ld L nICEBM ., BRI,

B&f2 (4.2+1.5+0.5)MHz X 2 X 8bits = 99Mbps (bits per second)
480 X 640 % 30 x 8 X (1+0.25+0.25) = 110Mbps
2FN, WITTVIRED BB L #E1E480 X 640 FEDTA IRIVRIRICHL TS,

9 [BEBEREFRI VAT LOfENT] ROBEEEFRE VAT LICHWT, BESER (delay) DHEABEIFFET S,
(DIDVATLOERARAENELSIL,
g(n) = 0.5q(n-1) + x(n)
y(n) = q(n) + q(n-1)
() ER AR ZzEHL., EEBHERHBI,
(1-0.5z27)Q(2) = X(2)

0.5 l
Y(z) = (1+27)Q(2)
BMIC Y@ 1z 2+ a(n-1)

X(2) 1-0.52" - z-05

x(n) a(n) y(n)

(3) 4B (poles) &5 M (zeros) DEEEZ X EOTENETNRR LGS,
x B8, ONFERERT,

() ZDVATLIR>RREN . FRENEZLSLY,
WHREAFAORAICHEN L. TETHS.

() BAL AT/ (unit step) Z AN LILE HAIGEZH:2
EHICLTRHBEL, -1 0| 05 /1 Re
U@@) = 1+z7 +22 42+ 0= 1/(1-27")
C(Dt%Y(Z) _ 1+z2”
(1-0.5z27)(1-z"")
a, b ERINMELTH A D BUCEHTBE.

v

b
Y =
@)= e T
1%%&’&%%%{ atb =1 .'.{a:—S
—a—0.5b =1 b=4

LEEH-T. y(n) = -3(0.5)" + 4(1)", for n >=0
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a, b ORHADHEBOBREETETS):
Y(z) = z (z+1)/(z-0.5) (z—1)
a=Y(Xx) (z-05)/z |z=05=-3,b = Y(2) (z-1)/z |[z=1 = 4

10 EOLIBEEREERE VAT LICE T, BIESR (delay) DFNHABEFLET S,

x(n) a(n) 5 y(n)

(1) CDIATLDZEN X (difference equations) ZMELELY,

(2) ERABRREzEHU. (ZEBM (transfer function) ZRHIEL,

(3) BERFELICHE (poles) EF /R (zeros) DELEE X EOTENENRRLEELY,
(4) CDYAT LW R E(stable)NEINEZ . ENEHEIRNGSELY,

(5) B B B (partial fraction expansion)lcED il 51| E AT LEL TR LI SN,
6)  AVIULA 8(n) BAAULEEE, HAIEE (output response) ERHBELN,

&2 H(z) = 3/(1+27'/2) + 2/(1-227'/3)
h(n) = 3(-1/2)"+ 2(2/3)", for n >=0

11 EEEE H@=(1+2z2")(1+z)/(1-z/2)(1-z /O EFE TR VAT LDER IOV R EHER S, COVA
FTLDREEEFNGBS,
BREE 2201 R IR Y AT LMK IER: CAEREN, BEL,

12 (ZEBEHN HGE) = (1/3) 2'/[1-(5/6)2'+(1/6)22] THEALNDVATLOERIOVDRERERLEL, D
FIC. COYAT LM A EER e UTHEER LGS,

B&EE  H(2) = (1/3) 2'/[1-(5/6)z'+(1/6)z" %] = 2/[1-(1/2)z"'] — 2/[1~(1/3)z""]

/IBIN/ EHRGLHE FIR 24LAICRA VIV ARG E RFICE LLMFENHD . T4 I T1ADA VIV A&
% h(n) = {h(0), h(1), h(2), ===} ENKEE, DEDHFHOERRGUEFEEE T T4 I IMNIAZTEVBS,

A h(n)={-1,26, 2 -1}

B h(n) =1{-1, 1}

C h(n)={1,83,3, 1}

D h(n)=1{-1,4,3,2, 1}

E h(n)={1,2 3,4, -1}

F h(n)={1,0, -1}

EV b BRI TIVIDA VNIV AR E K /1L x5t #R(symmetric)., F72(3 & ¥ #i(anti-symmetric) TH 3,
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13 RERBN H) = (1+227+272)/[1-(3/8)z2 ' H(1/8)2 2] 5 A B6NB Y AT LOBR IOV R EH EL S,
DEICAVINWAGEERDIGE,

BRfE D ERERBDETIE H) = (1+227+278)/[1-(1/2)27] [1-(1/4)27"1El3 %,
CNE H(z) = (1+227'+27)Hy(2), 72U H,(2) = 1/[1-(1/2)z27"] [1-(1/8)z JTemMF .
h(n) = hy(n) + 2h,(n—1) + hy(n-2) =--(a)

THdo H(2)DHB p [CH(T2 BB E (residue) 7 Res(p) EHKE

Res(1/2) = [1-(1/2)27"T Hy(2) |z=1/2 = 2

Res(1/4) = [1-(1/4)z7'] Hy(z) |z=1/4 = -1

H,(z) = 2/[1-(1/2)z7"] = 1/[1-(1/4)z""]

NEFHEzEHINE, hy(n) = 2(0.5)" — (0.25)", for n >= 0
NeK@IEKRATNE.

h(n) = 2(0.5)" — (0.25)" + 2{ 2(0.5)" " — (0.25)" " } +{ 2(0.5)"% — (0.25)" 2}, for n >=0

14 [BEMBRESOARD MR THS] ERFEREES xOICARTORERL/ULRT] st) = X,
O t-nMERUTIFONSIERETZ XN XODT-UI KR ERHIEEL,

EZ: X =xWst) TH%. FZAREINULAT] sOSBEEUEST THRhH, Q=27 /T EHKET-ULHEEICLD
st)=(1/TZ, "
EMTB, LIEZD>T X DT—YIT LR
X(w)=F[/Dx® X, "7 =1/DI Fix)e*T=1/T L Xw-nQ)
EMFB. 2FD X(w)F X(w) ZQIDIHLEZIE-DFEENTHS, LT, ETNEZEE Q DEEARIA
ROFIVTHB,

15 [EXREEE] xO)DT—UIZEH X(w)H X(w)=0 for |w|Z= QETSB, T=271/2Q EHKE,
x() =2  x(nT) sinQ &nT)/Q{-nT)
ThHEZREALIEEL,

EZ: xQRFEHFRSINTED. T=1/QEEHLIGE . BIBNLIIC xXW=xDsEBZZEE X ODARD
MUZIZEBINRELE N, LD TwlKQORETIE
X(w)=TX(w)
EMTB. —A . X (W)l
X'(1) =x(®)st) =Z . x(t) § (t—nT) =% x(nT) § (t-nT)
DI7—IJIEETHEIND
X(w)=2  x(nMexp(—jwnT)
THd, LT
x(1) = F'[TX *(o)]

B iﬁo X(w)exp(jot)dw :%J‘i ﬂix(”T) exp{jo(t —nT)}dw

= sinQ(t —nT)
2, x(nT) Q(t —nT)

n

_ %nix(nT) [ expljoo(t —nT)idew =
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16 [BEEHEECIERLBNDLEL] EEVATLOAA, HH%E (), yOEN, ANESKEHIE
L. BEUKRELTH NESERILEDICBENBEBENBETHEID . THHNE. K. TEHIEHRELT
yO=Kxt-TEMFBTEOIIEE VAT LDA VIV AISENDT-IIE# Hw)BEDLIBEBEmMET LEN
HINEZABSLY,

EZ: FHEK07-VIZEBREDI(DRE. Y(w)=Kexp(jwTX(w) &HD, LIEK2T. H(w) =Kexp(jwT)
THRIEINEEREWN, THEOBH( WK, ZH(w)=—jwT TRIFNIEE LY, RIS —E T, SN
BLREUCLEBITBENBETHD,

17 [Allpass Filters, £@BT/LE] BOTAIRINIECEVWVTERESRVNIMEITAETS. (1)E
EEH H(2)EZEESD, (2) HP #5HELLSL, 3)IRIEERRMSEEHERSL, (MBS
ROEEZ z TELCERULESD, (B)1BZz NE FTRZ 2, tHMT. 2,2,=1 THHEZHERE LB,
(COLOHLBBFEREZT2ODAIE. BRI AICBEUTEWMIEE{E(a pair of mirror images with respect to the
unit circle) CHBELVD, ) (6) CHTMIIANRENEINEZ., TNEHEBRALSEL, (7)1VIULA 8n) &
ABUEE HAREEETELLSLY,

x(n) y(n)

0.5

B&fE H(z) =(05+2")/(1+052")

|H@)|? = H(2)H(z) = HZ*)H(z) = (0.5 + (z*)") (0.5 + z")/(1 + 0.5(z")™") (1 + 0.527")
=[0.25 + 05{(")" + 2} + (z*2)'1/[1 + 0.5{(z")" + 2} + 0.25(z*2)"]

BRI ELSEERROBEMMA L. |2=1 (CBFBETHZIN L, z = ° BRATNIE
H(e') = [0.25 + cosw + 11/[1 + cosw + 0.25] = 1 2FN, AFRHKICEBRIC—ER,
Bld 2,=-05, FRIF z,=-2, LeH0T 2,2,=1 THd, Fz. RETH%.
AVINIVAISE (S, 13 DfFEESE(CLT, h(n) = 0.5(-0.5)" + (-0.5)"", for n >= 0

18 [Power Complementary, A 4] 2204 —ILISAT1IL3 A(2)E ADbEDLIICTIAR2HAY
ATLEERT S, 200 BOEERBEE H (2)=Y,(2)/X@). H(2)=Y,(2)/X@)EEETDEE. H,(2E H(2)%
KOBEW, DFIC |Y,@HY,@P & E LB,

1/2
x(n) A(z) vi(n)

A2(2> YZ<H)

B&fE H,(2) = 0.5[A,(2) + A(2)], Hy(2) = 0.5[A(2) - A,(2)]
[H,@)I? = 0.25[|A,(2)|* + A @)A(2) + A,(2)A,(2) + |A(2)|”] = 0.25[2 + A*(2)A(2) + A,(2)A, (2)]
[H,(2)]? = 0.25[|A,2)|? - A" @2)AL2) — A(2)A,*(2) + |[A,2)|] = 0.25[2 - A (2)A(2) - A(2)A,(2)]
[Y,@)? + |Y,(DI = [H,@P IX@I? + [H,? IX@)|? = |X(2)|?
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19 [Zero-Interporation Filters, EHMIT/ILA] {mZEBEED H,(2)=(1+27)/2 TEZBNBZT1IRIL T4
AhHd . FIAzZER# H (2)Z H.(2)=H,@NEEET 5, 42D T1IRILT1V3 H (2), H2), Hy(z), H,(2)
DAVINAIGE .. BREE. bLTIRIBEARBIFHEEENENEELSL,

R& iR

H,(2) = (1+27")/2, [H,(d*) = |cosm|
Hy(2) = (142972,  |H,(¢®)| = |cos2wm|
Hy(z) = (1+2%)/2,  |Hy(®)| = |cos3m|
H(2) = (1427972, |H(*) = |cosdw|

20 [Comb Filters, #71L8] (ZZEHH HZ)=1-2° TEZBNBF I IAOT OV REE S
S0\, A VIS B MEEZBEN, COTFATILTIADAN xEH T vnEOBEREBIDTESH
BREBEHA, BEEAEEALAN, FIEICOOVTE RS EEEEA,

& A7

h(n) = &(n) — 8(n—6)

y(n) = x(n) — x(n—6)

WBIZE A 2=0 C 6 EABICH->TLVD,

H(&®) = 26 (sin3w), |H(&™)| = 2|sin3w|

21 [RRS, Recursive Running Sum] BEDT4 IR I1IIADIGEBEHEZ AL I, IRIBICOVWTRELR S
MEHEERGSV, COT1 IR T IVIDIEE T K EI R IEKE B NBZZ B SN, COT1IRILIMIVIDIEEYE
H£(E FIR H IR hEZB S,

x(n) y(n)

B fiZ

HZ) = - 2%/ -z =1+2"+22+7°

H(1) = 4, H(-1) = 0 T&D. LPF (lowpass filter) T#H 3.
BRI —TEEITLBOT, WAL THS,
AVINABEOEEF4THD, BREENS FIR TH3.
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22 [Interpolated FIR Filters; Y Neuvo, H Kikuchi] {=3ERI% F(z)=(1+z")/2 &1 &ICLT FIR 74J)L4
H(z)=F(z)G(z) Z¥KT D, 1ZL. G2)=1+z7+z? £ %, HDTOVIRZEHEEZFLG S, FE)E GINERE
BFRFEELICETRUEBS, F(Z). G@). LU H)DIRIER IR # st zi@ER s,

EROHOEVL: G@) =0 -2/ - z2HemFdhn.

H(z) =051 + 231 —2%/(1 =2 =051 —2°%/(1 —zN =051+ 2"+ 22+ 2%+ 27" + )
BERTFIEDDB L F(hn, FEOICED . ERFHEDTEVFEZED . FEDARD MLE-DEBZEFEN
RIEL G TRHEIES, TOHRE. BBRFEINFCCENSFENRIBBERCEIIIIZER TN
T&%, —MRICIIRIBFIEORIB TR LR FTHOBER U IIVAERBNES G, BRHE# UL<BNFET,
W, COAETHEMICESZENTEEDTT,

Yrjo Neuvo (4 —")3-2xUM) K& HEAIARL IR KFZHIRTLEZN., D& NOKIA (AR K DIEFEEEA
—N— EXEH22FN) DLFEIHREVIHARFAREBEARESETEEE LGOI, BBH T4V D
AOR$5008ATY,

23 [Cyclotomic Resonator—-Based FIR Filters; H Kikuchi] 22MD{=ZE %K
D(z)=1-z°, R(2=1/(1+z"+z?)
DHEEIERRICI>TT1 IR 713
H(z)=D(2)R(z)
EEET S, FIR 713 DRDF RERELAKBIFHEZRRLEBSN, £k RQDBEEZRRLESLY,
TAIRINT1IE HQDA VNIV ASEEEZB S HONBERGEIENENEZLB S H)DIRIEE K 345
HZERRLESL, DFIC,

H(z)=R(z)-z°R(z)
CEFMATHHNVATLELTERLEBSE, £iRk3E R@ DIV AREETELLBSN, COT1IRIL T4
VA H(z) TI>EFZI n=0 T R@ICLDHIRNFALIE L. Xl n=3 TRADHIREFEBEDR —HIRNERED
Nd, HIREAREORAEZEELTERL. T1ILT1E H@) DA VNIV AEEE2DDH IR R D
BRENBELTRIRLEE, D(2). R@). B&LU HDIEEICOWTKEI R NEKEBI RN EZ LGS, F.
NB3D2DYATLDBEICONT FIR MR MERTTELN,
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24 [Frequency Sampling Filters and Running Fourier Transform Filters)
(They have been used to compute an approximate wavelet transform for vehicle engine control. H
Kikuchi et al., $¥5F & &S 2764495)

W=exp(=j2 T /N)EEHBEE . RUURDBERBE Y ATLE N REIRETVTIVT74AEND, (RER
HEBEZRBIV, BEFRANEEZRTRULEBSN . ANES x(NCHTHHE AIEE yn)ERHB LY,

—7 . BZInlCH115 N SEERR - IZEHOFTIOE m BEEOM S %

X(n, m)=Z x(n—k)W,™ over k=0 to N-1

EEETRHECLEI(CNESVZVT DFT ELD) . y(n)=X(n, m)THAHEEFER LB S,

x(n) B T

—

~—

a series of N delavs

25 [Cyclotomic Polynomials, %% IE] z"-1=T1C,(z) with respect to k such that k[N, that is, k is a
divisor of N. The other definition is as follows. C(z)=TT (z-W,™) w.r.t. m such that (m, k)=1, that is, m and
k are mutually prime, and W,=exp(=j2 7t /k). F#2ZIEI C(2)D%REZ 0, +1, -1 [CRoNBENFNDNT
W3, Tld.k=1,23,4,5,6,7, 11,1317, 19, 101 DIFEIIDNT C)ZEZICEET LIS,

26 [The Jumping Painter Problem, BkU'CULARYVFEERE; P. P. Vaidyanathan] A& _LIC N EOYIEKNE
WCHB. RUFESAIE 1 EICYHA T DIEFICRYF 2 EBHECBOTINVD , ECTRAVFESAIE, TIREICZES
THLDEFENECTOELLB VM BAHECESTHCEICUTZ, STST, EF L IENERIONSIZEEEE
ZEDEDLBUOBICRADMARICES>TUEL., KAILENERZONLGMEENHDIEZH OB LBLLY, Bk
EREBENEZBZCENTEILHDDET D FEHTHLATZEL,

27 [Bilinear z-Transformation] W1 RzZ#t s=2(z—1)/(z+DIF272DEZF@MLOEZF1 X 1ICEE T3,
Fz. TNRIFEAEBZRTHD. AZAICEBRTD, LEZL. BRICRVERGFZFERBRRKOMEEZDILNDET D,
s FE LD 570, s=-2, s=2, s=oot B8l GoWICEFFEN z FELORAPEMBELTEDLIICEHZ SN
BIEITRULEEL, Fz, s5Q . z=exp((w)EHBLEE ., 2DDAF R Qe wDREHFZR A ZRD ., BRITRULAELY,

B& fiZ
s=0 © z=1, s=-2 © z=0, s=2 © z=00, s=00 & z=—-1, Rels]0 © |z|=1, Re{sk0 & |z|<1
JjQ e’ (e’ —e7""?)  jsin(w/2) Q- can?

2 TR e ) T os@r2) T2
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28 [FFT] U TIE8EDT—4ZRFI{x(n), n=0, 1, 2, ... TN T 3= EBET—UTZTH (FFT) ORI 2|
EPINTVZALDFEEHBALEZLEDTHS ., XHD[a]l~[1EIEHEEL,

8RDT—ATHB N L., BRI VILMOER
X(k)=Z x(n)W;" over n=0 to 7, W,=exp(=j2 1t /8)
(EBLTKIZK=0, 1, 2, ..., [ a JOfEZEED, LFE. X(NIEREILT. [ b IBFBEL c IBZED28DT—3%4END.
Xe(k)= 2 x(2m)W, " over m=0to [d], k=0,1,2, 3
Xok)=2Zx([ e DW, " over m=0to [d ], k=0, 1,2, 3
EEET D, Wimexp(-2 T /4 THD. W=Wy"THZ 5. (X(Kk), k=0, 1, 2, BHZDLVTIF
X=X, (KW X, (K, k=0, 1, 2, 3
EMFBTEN DN B, IX(K), k=4, 5, 6, THCDUVTIE . W =W W,'=—W,* THZh'5
X(k+8)=X, (K)-We X1 K), k=0, 1,2, 3
ENMFBER DB, BIERHE. (XL XoUNIR UTHRIBRICER EENIRTE, NI BER T DIERL
SNBETEENEONS, L. AAT-A0MVIFEY MFEIBICLE N E BN, THNEEY MEIEER.
SEYPD2ERHEABCERITT HEE, LAIEY T RIEYMEE NI MELTCBALL, CNEHLIZHT2HER
ELTEHEAE T EICENME DT, BEARRICEFIN0, 1,2, 3, 4,5, 6, NI LTEY MEIEZEH B> THLOND
FRL) BB,

&EZ [a]7 [b] B3 (even) [c] &# (odd) [d]3 [e]2m+1 [fIE [gJO [h]E []O
(104,261,537

natural order: 000 001 o010 011 100 101 110 111

reversed order: 000 100 010 110 001 101 O11 111

29 [Filter Banks and the Haar Transform] zZ#$EEICRITRDIIICRKRSNZBBERVATLEEZD,
42DT4IRIT1IA A, B(2), P(2), QDM ICE B@2)=P(-2), Q2)=—A(-z) MEKILLTL\S, L\F
A)=(1+27")/2, P(2)=(1+27")/2 EFEHBEE, 22D N C@). D@IF AN X@IZL>TEDLIICTRSND
WMEZABEW, FoH A YIE C@E DL TEDLIICRININEZLB S, REIC Y22 X@)TEER
LizEly,

—Legend: C implies the coarse component and D implies the detail component.—

X(2) Alz) |——» C(z) —» P(2) Y(2)

B(z) —» D(z) —» Q(2)

&

C(z) = X(z) (1+z7")/2

D(z) = X(2) (1-27")/2

Y(z) = C(z)P(z) = D(2)A(-2) = X(2) [(1+27")/2] [(1+27")/2] = X(2) [(1-z")/2] [(1-2")/2] = 27'X(2)
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30 [Quantization Error] EFILTREFILIRZeMDFELETS, EHEDA Ix(NZEAHTEHy(NEH
NIZ3—HRE=EFEBERDIOBETIVTREIND, e(NEFFRAES T, e(DEREERIAERDLOGHE
2 E B #(pdf, probability density function)CE&R N5, e()DFEMHEE S ELEETE LG LY,

p(e)
o) A
x(n) —»Q ——»y(n) .
x(n) v(n) 05 0 05 e

ZEZ: xDHFHE (RETH) ZEXIENK, E[e] = f ep(e)de = f:sede =0
3 0.5

HHF2RUELOOBIFEENS, Ble*]= [ o*pleyde= [ ede= % ==
' 0.5

31 [ Z A Modulation and Noise Shaping, YJYTIVAZER (AR) EHZTARDMVER] RIDL5G200D
YATLIEOWT, HAREYNDzEBEENENROBSV, ZELEFILFOET VRIS R, AS1E
SOFEIEIAEREBRRBUONRTHR L E¥N]=1ETd, EFILIRECOVTE Ele’(n)]=0.01&T
%, COEE EFNENDOHNIEEDARI MVEEE . MY AT LZLEBRET LGS,

x(n) y(n) x(n) y(n)
+ Q Q

1
L

B%f# Note that the neumerator of a transfer function is given by a forward-pass gain, and the
denominator is given by “one minus the loop gain.” Li=h-T.,

EDVATLTIE, Y(2) = X(2)/(1+27") + E(z)/(1+27)

BOVATLTIE. Y@) = [ X@/0-zD]/[1+2"/(1-2)] +E@)/[ 1 +27/(1-27)] = X(z) + (1-27)E(2)

B (BAALEDz=1) FHATEXE2IBN/NEVD T, Y(2)=X(2), DFNEFILRENZIFHEZS,

—A. =1, DENE R K BETE. Y(@)=X@) + 2E(z) TIDHEFLREN2MEFICHNET . EF1L
RETHULERS LR TEGVEMRTI N, ERRBEN OB B K EEAEBVNLOTVEDTY, LEHT. &
L EESHFEMERRMELCUNFRELGINE., ZOESHFEFMELZTZIRIE T IECED, EFLRE
DFEBEHENDIENTEDIDTT . COADVATLEVIITIAERTREVWVET,

L AZREEMHEEADIVN-A, DAOVN-RCFERINET , ChEHRRR REFERERELZE S
SE (WEBEZE) LHEEHEDRBAELEDHR T EREERETT,

H Inose and Y Yasuda, A unity bit coding method by negative feedback, Proc. JEEE, pp. 1524-1533, Nov.
1963.
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32 EDBEIGTINACHENWTEEANEEx(NEBEIEBJINICEETS#ETE FEREREEO N
E[x*(n)]=E[x!(n—1)]=1, E[x(n)x(n—-1)]=0.5, E[d*(n)]=4,
E[d(n)x(n)]=—1, E[d(n)x(n—1)]=1
THBHIEE. LTORMICEZABSE, 72U, E[-1IEEAFFE (Expectation Value) #H0oNT,

x(n) d(n)

y(n) e(n)

(1) /E e(n)=dn)-y(n) D2FEFHEZ € =E[e’(n)] EEET D, € ZI1ILIZREL wy(n), w,(n) D2
BELTRUBEL,
(2) DEAIMVE V[0 £/0wn), 8 &/ 0w EEHELT, V=0rt2IREKAEITH I ZER 71
IWRBRBERDBEN, ZZL. BF t (FERE(transposition)ZHHNT
(3) 2FFHIRE c DE/MEZEKRHIZELN,
(4)  {x(n}=2,-1,3,-3,0,1, ..., d(n)=0for alln £F3%, 22DBEPILTIXLs,
LMS: w,(n+1)=w,(n)+0.1 - e(n)x(n—k),
Clipped LMS: w,(n+1)=w,(n)+0.1-e(n)sgn[x(n—k)],
where sgn[x]=+1 for x>0, sgn[x]=0 for x=0, sgn[x]=—1 for x<0
(EOWCHEIGRAAE % . ERRICIEREZIn=0, 1, 2(CBF3EIE TV AFREERDIZEN, L, &
574 IR B D FERTE (Ewo(n)=w,(n)=1/2THN . IEEFD IR BT ZTHEET D,

33 BEEOEBSLREBIOVTEZLI. | 10HOBEHBEETERL. XEZTRLEE,

BB (COWVTEREE TONIBER B HEHTOMRIBICOVWVTEZDS, BIREBEEARERZALIOD
(B1%. B IRE. ERIZFETRRELTEMD, CNETAIAIVERICTRICBETO (EERBT(
IR I14IVA ., HIER T4 IR T4)V3 BIEEIBPFOY 248, Tig@ B 700 74VAHE L T il
RLEE. QIEFIE. FBIE. ZEXRE., FRBIEHII TO{TFESREL. EHl. BMEMNE. BRIEN]T—
ANEBICEHRT D, VEDTE BRDT-ADNEZO{EFIL. FHIE.EXRE. FEEI T, FIELGE
BOCAE. FRE. BE. REIZEN. REQOHEE. BERE. BE. REIZEDNS. HLTERR
HEDEHELTRIN, COERINBEREZERELD,

JEHOES. BOA (AAREN) . TSR (BEROEAMERECREEOLFIARIER) O3
1k (salt and pepper noise-like texture) Z&E AL, CNODILIEFE RN N RLXEMBEREG@{B
DAL, TERR CEIBER]I THDI, T, O(FEFA. BAIFM. J-UI. DILT—2V- LA} E#zH IR
EERICEFNZ R EEEANDENTES N xUBARGAHEEIW{BDOi., mERKk. CFEE
BKITERAIINEEZOND,
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34 [2D FiBI74)L2) AHARBEERD y(m,n) = x(m=1,n) + x(m, n-1) = x(m-1, n-1)EMFB2RTT1IR)I7D
1IN H B, (ZEREEERHE S, EBRNIBICHNVT, COTIADEEEERBALLEL,

ClEZ: X(zy, z)= 2.2, x(m n)z,™z,"tEERTBE.
Y(z,, z,) = X(zy, 20z, "+ 2,7 = 2,7'2,7")
The transfer function is the second factor in the right hand side of the above equation. It is a prediction
filter and the value at P is predicted by three pels in the form of A+C-B.
. B C = = o
. A P = = .

35 { 10P0ELBEEEGERL. XEEEMRLEBS, T, BOZEMELLBSLY,
ARD UL E RN BERREID . BIHARDIER AN TARBEEICH SN D, —RRIC, MMILEFKFDAN
DRIV IERARERRARD ML THS . Fo. BEIRKIIEOZ-UTHE. 7-UI X%, BEO—-)IEHE,

EER7-UIZE#I TRESNSN . @ &K, BEak. A, IEFAMMIARD MLER D, — 7. Ef
ESNDEFIL. FS. BRI, BT HERM. 7-UIEHRHIITHONIBMERIES DA+
V@ {Efr . BERA . AR . SERHIMITHS. TlE. OLWWE R RN EHAMBBMARI ML EET D

DEZBELY,

36 [57%N, beats] 2DDIEFLFEDH x(n)=sin 2tf,n + sin 27f,n, f=17.6kHz/44k, and f,=26.4kHz/44k
TRINS xX(Nz=ZABHOEORICER L. xNDKF ziEEB S, £ rORTEEFIZIE 20kHz £LVHON T
%, BT 44kHz REDERETHAZERWETH, BRZBEALGS,

H2NOEZ: BN, bV (BB, BE—FRHBOE)ELTIE MDEERIF20kHz L ELDBZRELELE
SNTW3, Uh L., R IISBNEEECH:, ENREEININSBOENTEIEEMNE TS, COLSBRBD
G 2ODHEENERHNINZEEFICHKEL, BELZINFEELTVSIEZEECEFEELLL, LENST,
44kHz DERIELTRER+2EEZZOoND, LEAZRIREN 25.4kHz & 24.0kHz D2 DD E Kz [E FFICEEL
TEERULTHEVERS, T00Hz DEHEICAB1ETTHD,

37 [Windowed Fourier transforms or short—time Fourier transforms are one of possible ways in time-

frequency analysis, ZENIT7—UTEH, FEM7-UILEH, BEERBEN] B wb=1 if [tKT,

else w(t)=0 EEREHERICRUTEZLRO—EHEVINE LEKBEORNIRICI TEENTT-UIE#
F,(w, b) = < w(t-b)exp(jwt), x(t) >

EEETS. EEERDI-VILEHMEHEL. EDARD ML ZHEER SV ARTMLOEE-D DI

(resolution). PLUEE—DEE 2 E—DDE D (spectral leakage suppression ratio)ldFNFNLWKoHEF

ARV, COLOBEHIT-VIEENGERRATHIMREF LGS,
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38 [Design of Anti—Aliase Analog Lowpass Filters] 3% Butterworth 7FOJ{E 8@ 18 71)LADIEZER K
[E. Vo V=1 (sH1)(s™+s+1) THEZ DN D —HRIC N REFE K F B (maximally flat)FF 14D HR1E2 RIS
1/[+=OMTHD. D ORI s=expli T (N-1+2k)/2N]TH D, ThHE. RER N RINE—D—271)L30
B3 s FTEOFERRAZHNETSIARALICHFEL. MEFTEICHFET D,

ERNIREx K FIEIRIE2 FHF M LDERTIE L6 X 3=—18dB/octave THET I N NBD, £, 3K
Butterworth 7 AV EEEE I/ IR IERDEI B THERTIENTES, RFIEE C,=1.3926[F],
C,=3.5468[F], C,=0.2025[F]& 5 ZnN%, i1 R DfEFE H(CEHNIE LY,

A
dB

-120
05 1 2 4 8 16 3264

PIOFIAIPAT4NRELTERTBICIE. ANESOFBIBEI/ IR R EFHETIEVLTERILRA
B S EEDDDENDHD DIECEEEIRE fo/2 HECBVWT, ANEBICEENFIFREARI ML E+
PICHBESEEIENRETH D, OULTEBEDT/IVIDIB EETEIRE f,HEHOND, THE. EFDFv
RNIADIENE C./2 TR ERFED,

WVE, CD3R Butterworth 21 AETPIFIAVT7AT4IIVAIERTIEDERET 5, Tl Z2RILE LRI
fs& 16kHz £L. fs/4 T SNR % 30dB F2EMER ULV EEBEIRE f FVNMEEICTRENEZLBEL CO
EE R10kQEERT., Fv)VVADEZEDHLB S,

39 [High-Input Impedanse/High—-CMRR Amplifiers] EEEIEZBE/ETdE CMRR(FERRZELL) #EiF
#EVTERMEROEEZREIRNE ASN5, BIBIEAENIIVIVIV FE H0ZE(CEEENIEIEE
BO—ADANiEFeEMUTERINE LN, COLOBEMICERTIRREEE. BAHEEE. 710
HEFEE. BEEOHHILROFHLGS, &Z 166 H,

HZROVENTE: \Wo—2, DNz, — 4B, MIRICBSMEE <. BSELEL, TZDULIZBAT,
EANOKE—, BEERISERAFLTHL,
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40 [Shielding against Inductive Noise] { IDFDEAEREIRL. XEESTRLLGSLY,

AR ROHE AMVE-HYANE MG S . FHE RN AR FE ORI IR T ERICEESMELL
NEEL. BREZTRIEN VBBV, HEOFEZTEILTHRTZ(CE. Bfre OFEL. K< 337
(FTHL BERE OUEERE. 8K, 7 A, gk, T 00 TH-TU—ILEL. COY—IL FOBRE LMD
& QUE. & 1VE-HVADEGIICHETE LTHCENRMTHD . BERII—ILFEIME @1 R, 254,
ERRICTERLZTLZ<D R} THMT D,

BB V- FORBENBIMEE T, 2ADER TAER RICERTIIHECEHERD GOES. BER.
I} &Iz, AW ©ELNENET. —ERREHRST. BIBHRELDLOICLL HEAFEHENEALT
LTEBIETERIC DE—D. FD. 1/4 BREFLAENTNE] $HREGILIICHEEL. 55 ZMHEICO
(B8, £8. kR, ARENHERBRREZFEALT OF v il HiE. BIR. I5E] $3L(CT3ELL,

Fh. BAVE—SY AP ICEE T IERBROERICAIIFEFALENMEEEHS), BE. A A1vTF
F&EEROHEMAMIEMIC I TEARNMERTILIICH TS, L LEBH S, BAOKMAEMNIESR
HEBEEKRTIERELEN, TAI-TAMYFOEEEHERL L. EEOEBOS TIIERMEBNTE
RENBNVIENHD, 2FD. O 2EEFRMFTNE L. BREN+SITDSNIE HFEFEDEERTHN.
REL THHICELE T TEBENEREINDINITELBL, WTNICLTE, BIERRDIVE-HY AN DFL.
B, ECECOBGFEICE+RBERENMTFETHS,

RRHNE MEEICHERLERBS . FE. AAFOEEBFRBENFEHRFELOTEHRII R PG
BIREHEEREEE. EEETELRENZVOT, Y- FFISEELRBINE RGN,

BE. BREMECTRLEHOEN HD . 2N DLRE. 5. B, kO B8k, BoTiE (CL3E
BT ANSA—RDEETHD. £z BF 7y Moffset). By by Mcutset), 31Ty Mtie-set), By b
(cassette), 7vT 2y Mupset)) DFERETHD,

EREBRF UMD XE L, SEEL. EEELIHFELL, CORH. DIBES. 3557, B
(CLDHEBIRIEICHBHTEE L SREEIREAVVERBEEICELTS., ERREBRLEREEMTIEREFIC.
FERBEICEEEIVIEBERL. CNEERTEMUESZ TRIERICADLIICTEIE, AMRDETEERICE
BRESABZENBVLICLEBINE R OEL, BIREBILFEHHEOKRRERAZR T LLHENN THD,

41 [ISMM T34 V038 | Pipeline Processing] It's a tradeoff between time and money; money implies
hardware and chip area in LSI. If N separate processing units and several latches are available,
processing delay will reduce in a fraction of N. Explain the pipeline operation in the following diagram.
Power consumption can stay constant. However, the demand for pipeline usually arises in fast operation,
and fast operation will lead to higher power dissipation, because P is given by CV*/2, where C, V, and f
stand for the total capacitance, supply voltage, and switching frequency of the circuit, respectively.
Let C, V, and f be 10nF, 3V, 100MHz. Estimate the power consumption.

x(n) x(n—1) x(n—2) x(n=3)
T —

y(n)

B2 FEHEHBEAHIE P =(1/2)CV4¥ =05 x 10n x 9 x 100M = 4.5 [Watt]
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42 [ 5| AL | Parallel Processing] It's quite straightforward, if you study M-channel polyphase
representation of digital filters that is advanced topics. As for IIR filters, a simple solution is the parallel
structure found by a partial fraction expansion. Realize H(z)=0.025(1+2z '+z%)/(1-1.3z27'+0.4z) in the
parallel structure.

BfE 2T (1-0.8z7") (1-05z NeRE R EEINS,
Res(0.8) = (1-0.82")H(z) |z=0.8 = 5.0625/24

Res(0.5) = (1-0.5z )H(z) |z=0.5 = 9/24

H(z) = (0.025/24) { 5.0625/(1- 0.8z") + 9/(1- 0.5z°") }

43 [Scaling Rules in MOS LSI, Mead and Conway] Let L, W, and D be the length, width, and depth of
the oxide layer of a gate of MOS transistors. Let V =V, -V,. Here are five major parameters. The
symbol := should be read in ‘is proportional to.’

Time constant, T =L%/V

Capacitance, C :=LW/D

Current, I =WV?/LD

Power dissipation in switching circuits, Pgy :=CV?/T :=WV?/LD

Power dissipation in static circuits, Py :=IV := WV?/LD
Assume that all dimensions are scaled down by a constant factor a as same as the voltage so that all
electric fields in the circuit will remain constant. Then those major parameters vary as follows.

T/a | | 1 L
i

C/a in [ ] [ ] out
I/a L

Psy/a>

Ppo/a’ in R R R R out

‘L C C= C= C
° 7 Pl

A series connection of n pass transistors is modeled by an RC ladder circuit. Thus the total delay
through one section is given by RC/7 + T,,, where T,, is the switching delay of an inverter. The average
delay per pass transistor is RCn + T,,/n and this is minimized by a particular n suth that RCn =T, /n.
What is the key to low power circuits?

Brief Answer:

Low V

Beside the voltage, narrow W, thick D, and long L lead to low power dissipation. However, long L gives a
large capacitance and thus long delay.



