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KHILIKR, TE&FME SHEER A T, R LEAE 7 Hr FI & Fh gk )7
i, B4R (Fourier transform, FT) REEAMBFTHAZ —. &)L+
FRRRETE, NCERNMEEXR, BENEROFEREENARSTZTZ
BRI AR B AR 3 S B IR RS 5 SRR B SRR AE, I EL LI SR 451,
DHERARM . TR, BERFSHITIERN, 200 RERES R
53 BT Aok RS2 B EE AN, {8 AR B X bt AT X A 2 o AN B (wavelet
transform, WT) #IAN RTHERIELE TR 5 EIE R, &R
HIZ Rt ERMHSHT. BRI RIBUE TG . AR S B AR
ANJR], N AR BRI I 2N U R B o 4 R RS R il — R B 7 AN [ 1) IE AT #%
) L N A, ARG IR AR RN BB —1F S BlR . NEARE R
A AR I (A MR o F R, EDAE(RA B A RAFIOAR S HE e, 7EmMint BAG
RAFH R, X —EEMN AR S48, B0, B FYHiAkE IRk
PRPEASUR R T 2N o AR S N84T R R R E A4, R
JE A B BE T R ETFER K AR 5 I N AR AE (R 7 v B 2

L1 IO A g

VLA SRR NS (R RN, /)N 2 48t ) 2 B R 7 2 R 5 [ i
MR Z 'MW EBEXER, DETTR— IR S S ERIEZ R,
R FERDT. WA, BESTHIRTEEL . ENHSUR, Rl
G A, BBRARE., BN, BURMN . BETYE AL LR 2%
ik, EHINNRIEFERE TR R ERE KRR

SR ARE T —MEL KRR, SRS S B SR 1 T
FER T H, X 3288t IR 1E A P A B Fr g 8 S LA PRk 18] vt PR o B3 7 v
FroeE ™. (R, TR AR R R SRR, Fo T RS B p AR
59, HIMERESE RN, M EPRE SRS ZIE . KT WEX5R
BlES. EFRESONTER, 1946 4E, Gabor $2H T I {8 B - 28 B4 7
U IRFREE I L4838, (short time Fourier transform, STFT), iidif 4%
PRECRIEE, AT SEI— e R R Ao A, ELRE HR T B TR) e S AR )
REZ BRI RSE, SEARFENEREME. 1948 4, Ville & T# 4
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(1 4 4% 20 - IR /R 43 A (Wigner-Ville distribution, WVD) 3 5% Fl T I 5 5 447>,
fE— R L RAN T AR R AL . JESRAEIREERE B, AT AR T REE
AT T iER TS, T IR T S S B AR e M R, A
THAET . BREETFRES T EE T ZHNHIFRE TIFZ 2 NHE
g F. XL VR G RAE AT ARME 5 4T 5 AL B Rk b AT #Ee
B UL AT B AN, AATTE GG G R e AR R S O X P RS S i 5
REFRHEATHISGY, T BEIHAR (auto regressive model, AR). 3 F-HAHA
(moving average model, MA) Fl [ [FJA¥E 3 FHAY (auto regressive moving
average model, ARMA) % — RFIBUARHAG T 7L, B PR B flh v 5L
RANBAR T P H AR TRMG T B P IR R . Mok, EFPRETHTE
AEFRALE — L W, WRERAETARE S PR AL B FEIEARAE St
5 bkl B ARIX AR B0 B - AR R LU R AT SR AR R, KRR AE
NEAREEULT, AR, MA fil ARMA #2138 A5 7P gl i o 108 Lt As e, {5
RETHMIHERE SR, B EH 2 MRS BN REAELNE T L
BAER, AMURXMEMNILE R E HF 5 B R LR AR, B, F%
(1) TR P A I LS B SR () A S A
BEETILIREN, A 5 HAE PR 5 W AL B 2 SOy AT FE
B, Rk, FHRFEERE R R AR AR A, SRR TRAME B AR AN
FRI3T B IEAZ FE T 2R R AT ST R AR i o /N AR 3 R AR P 53¢ T il R e
FEL R f) — F o B
/N AR i R A SERBOR YR T B B R 45 5 R S, R R S e N B R B
(mother wavelet) {455 T8 KMl — BRI 43 He e A 8] 1) TEAT L 25 1A) S L
MRS, RN AN T B AR e kb, TEECA A, DR AN EK
SR TR . /Nl AR BLAT Al AR (K i R FIATER 73 8, XSO /e B IR BN,
H AR
AN AT IR B, AT LB IR 1910 4F Haar $2 H #9498 /N 0 I AT H
) LAB & 1938 4E Littlewood-Paley % {8 B 2% HUe S7 1) L-P B ik . JLJ5, Calderon
T 1975 EHEEERIOFEAR, S0 TR N EH KETHH, %2
R B HOE 3 CBEL/NBUR I, (B BIE M /N 7O W AT 4R T 20 T4 80 R4,
1981 4F Stromberg 5] AT Sobolev Z[A] H” f{EAH", %f Haar RIEAT T 0, iF
B T /N BRI A AE P - 1982 4 Battle 0438 &7 i A1 T 2848L Calderon
AARIETFRY, 1984 48, B:EEI S Morlet il Grossman 3 3% 3 72 F48 (1 40 47
FIESRE, SR T G/ NEAR R UM A R, HATSHE T AR M A NG
BEE T HEAl . 1984~1988 4F, Meyer. Battle Fll Lemarie 45145 Hi 7 B AT PR Bk
M IR N B P, AN AR BB IR B . 1987 4F Mallat $5 vt SALAL G
MR N B2 RO T B ARSI N BN A S h PO, R T 2 B AT
(multiresolution analysis, MRA) (M, 4t— T (LG LLHTH) Stromberg. Meyer.



RSN E il -3

Lemarie FI Battle 238 t i) FAA /N R B 3E, B9 T NS EBOER, 4
H T TE 540 A0 FE A R PR D AR e S ——Mallat 5. Mallat HiEFI$R
HUB NS LG R B BB R R, I BAE AR T /N AR e i R b
M R ARIE, KRR T AN FAMER, T TREBORA G g
iR, 5 Huidif B A8 (fast Fourier transform, FFT) 5216 HERZEEL, Mallat
BER K H D) T N BRGSO F RN . 1988 45, Daubechies ¢
Mallat £ 439643 4710 S48 5 Burt 1 Adelson I3 T 4M 7 EARG &7, IEWIF4
T B PR SRR IEAS NS . 1990 4F, £ E A&M K K2R "I Cohen
BE— BT T A IEAS AN IR TP, SR T R PR B A S
5 }6[F R, Goiimann £l Wicherhauser 32 H 7 /N BB, 5INT BRI HM
Wi, 1992 4E, Zou %5 ARH T i /NEARMER S, BRI B BN
e B 2 E B R 1994 4F Geronimo 23R T B /N ARREY, BB R/
WAWAE B2 RN, /BRI X mirgd 7T — K.

Bl /N AR e B T R RN H R, /N AR 3 I N AR 2 AN 5 4
R BIF, PMEERCTZENATESESLE, BRESLHE. BRESR. &
SEMAT AR E A E S B E T .

12 E5RAER—EREH T

fag’fE Bk, 2EBMNYHEEIENX, slFE - EZER/LTA
AR R WRESUH - DNEZRRERR, WKL —4ES, WESEES: W
RHPANU LR ARERR, WRAZHGS, mEBRGES. d—4%EF5, A
ST RIS (e AR B R % ), BREAY) BRI (R4, W f() RERET. R
i SEERNZIMERERHETE, F9570AMEESMEENGES. %W
ZRIEE, 5570 4 EEEN FfE SRR RfES .

RSN ERHRPE THESIE, AESTRNEHGER. TRk
WG S HARE R ? ¥R AT R —FREREFRNE SRR TE (K
i) , EHESHESNEEFLERERMR. L, BEANETRT
R e & R BRI E T #ln, XESNFEES (), HE&rREdE

{(oj}jel E;Fj‘]

¢, =(foop= [ rogj (1-2-1)
RIS sn) . FHSAIEBE (0}, FEFF
¢, =(s,0,)= i s(m)@; (m) (1-2-2)
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MIREAE T . TR 22— L e B R R TR 5 HUAH B R i B R B 1

1.21 ARTES5EXRKE

T MR A B, ZEA T, TR WEL, RIH
B R %n SN, R =RARn R R*FFIFS: Z Fmsik,
N R EABIE (ERH0: MTMMa, o FREIIEWL BRI | 27,
1. 3% = id

X F R SEHCAE ] RPN RE x=(x, %, X3) 5 y =1, vy, v3) ZIAIFE B E X
Hd(x, y)=\/x1y| +X 0, + X303 0 REx KKER |x'=,/xf +x; +xi, BFEULEE
SR 2 ] B2 33,

EX1-1 BEEZRAR-ALEX ER—NHRTEFH—oAd: X x
X—->R.

(1) EH: d(x,y)=0, BHd(x,y)=04HRLEx=y;

(2) st#Rtk: d(x, y)=d(y, x);

(3) ZAXRFX: dx, 2)<dxy)+dy 2.

P, dx,y)yhAhHxExh yZAeg3ES,

2. ZHRE TN

EX1-2 X AHER LHKHKEENE, RS TFTEAMAExe X, HE
—"l\?ﬁ"x” #HE, tFx, yeX, aecR, #:

(1) |x|=0, HB4L x=0;

(2) o] -l o

(3 oo sl<pd+ .
£, x| A x ehiEs.

M7E X EEHTEECT RS |x — y| =d(x, ) B, SRMERTER ]t R 2 A

3. EEH TN

EN1-3 —ANAREHEAKRKETEMHAEEH (Banach) T,
T p, 1<p<w, 4 IP(R)RRER EATTIRE £(1) KK, F8) 04

(Lebesgue) B2 PR, I J.:]f(,){ﬁd; <w . BH, 4 L7(R) & JLF4 4 (ae)



B1E SR : 5 ¢

FRRBEE. Bk, &GN
1/p
[IWUUW&} XMFISp<w
lrol, =\

ess sup[f(t)l p=»

X, ANEELP(R), 1< p<o, HREEMHEME. L, esssup AL L
WA, BOBRe MR 0 PEAIMN B .
T3 A L7 (R) A A K72 (Minkowski) A%,
I/ +el, <|71, +lel, (1-2-4)

FHK /R4 (Holder) ANZFE:
XFq=1, p=1, 1/g+1/p=1

(1-2-3)

|+ el <[, +lel, (12-5)
Mp=2, g=20, FRAMPE-HEFLK (Cauch-Schwarz) A
|+ el <Ir1, +lel, (1-2:6)

4. AARZ A

EX 1-4 BX AFHIAHRENHEMTE, H4£X L& XA (inner
product), A (f, g), f.geX, FHATEMM:
(1) sH#kte: (f,8)=(g )
(2) KMl (of +Be, hy=alf, i+ g h), a, BER;
(3) EH: (f, /)=0, B(f, f)=0, SHAMRE f=0,
XA RMETN X A ARENE,
FENRZR X F, X TED fe X & XJuH
7= ¢, N7 (1-2-7)
) X ARl — MM 25 ]
EI 11 EX A, R—AARENE (FGRAE), RATHA
X, yEX A :
(1) #&RK (Schwarz) FFX: [x, p)|<|x|- ||, LAY x o y KbtARKX
B %5 AL
(2) ZAFRFX: e+ y|<Ix+]y], HBMRE x Aoy KtAn kM F 5 AR,
MERR (1) HABEE X LA &t R2— MR, ZETTEAER
O<”x—ty"2 ={x =iy, x—=iy) = “x||2 —2t{x, y) + tzHyH2 (1-2-8)
BT (1-2-8) fHRXRT ¢t AR ZIRZIAK, A AT REH A A LR .
Bk, Z_xEmA R AR KD ENIEE, B



* 6i- I S 475 /N A e (B — )

al¢x, | = 4|« - |y <0 (1-2-9)
FH B FT RIE G L 2R A S5 3
AN X AR AR 706 (x, p) 5 A
(x, y) =[x, p)le'® (1-2-10)

He, oh(x,y) WM. FFEL DL R, HHETFTRAER
0< ”e”""’x = ty||2 =(e’x—1y,e " "x —1y)
=[x =t (¢e7x, p)+(y, e O x)+ 2y
=[xl —e((e™*x, p) e, pY )+ 2 o

=||xl|2— 2Re{te—i‘”(x,y)}+ t2||y||2 (1-2-11)
AN BRI 5 52 AR A [A) 4B
(2) BT
e+ ¥ =+ y, x+ p) =[x +2Ref(x, )} + o] (1-2-12)
LR AR, X (1-2-12) AT EH
e+ sl = ey <Pl 2ol « o =(el P 12019

=A% AT .
5. A RAF = L*(R) A= 1*(Z) = 9]
EX 15 —ANZEGARTEAFAH R144F (Hilbert) =6, i2AHH .
5 IRAR R 23 [R) PR FR VB 12 P 7 W B ) L2 (R)

EX1-6 XT—o<r<owo, L[*(R)ZAFRITHFT IR A58, B

L2(R)={f(t):f+®|f(t)’2dt<oo} (1-2-14)
L (R) 0 IR M B, R P S
G080 = [T r0g 0, Y0, g0 P® (219
XN
. 1/2
ol-vose = [TJrofe] . vioer® — a2e
5 A SR BFRT  T RS 1 (2)
ENX T 12(Z) 82 A B TAF 5| HR, BP

IZ(Z)={C={cj,jeZ}, ||c|{2=21cj [2<oo} (1-2-17)

JjeZ



R L Ve <7

1*(Z) N E XK

(e,d)= ) c,dys Ve={c, by d={d,},, el (Z) (1-2-18)
s 1/2
e = ¢e. c)”2=(Z|c"|2] v Ve={c,}pez €1*(Z) (1-2-19)

XFTARENR X TR E e My, WRE (u,v)=0, WiKu 5vIERL. XT
BRI M RTEAEEACHE, BAEE— B ) Rl fe,) , . 1678
(e,€,)=0, ,,» nmel (1-2-20)

AX TR R TR/ /R MR RIE f e H A

f= i(f, e,)e, (1-2-2D)
XN 5742

/2
1= (ZI(f e>|] (1-2-22)

EE MR X, FEREATE-HE LR AFN, B
|, vy S| - v VmveXx (1-2-23)

R, STV @), g(t) e P(R), AAZER

U | f@) dtj U POk dt) (1-2-24)

MX T e={c,}pez €1(Z), d={d,},e7€1*(2), B
2
> c,d, <(Z|c,,|2j[ dnlzj (1-2-25)
nelZ neZ
6. HAehE R

nel
ST R P ERRHE AR, RILEE N
(x, y) =“x||-||y”cos€ (1-2-26)
He, O 9REx S5y ¥k Mf. K (1-2-26) BHRELHMN M (x, y) =01, x
5y EX (FEH). AKX (1-2-26) fEERME—RKKE L.

‘ f rog" @]




-8 I 040 #7 5 /N AR e (B — )

EX1-8 & X AARENE,

(1) XFAxExFy, H(x, =0, Nx5yER;

(2)KEHKe,» j=12, - NHFAA— (k) EX, RIELRLTEAN e,
AA R RE e |=1, BEAKIET e, e)=0, i#];

B)ANTFERX, c XA X, c X HAHAER, RIEX, PHENKES X, P
HBENREER;

(4) EXKEAEX ZRFa9—/NF K.

EE1-2 RX,RARETH X —AF 20, Bik{e, e, ey} & X, HE
&k, BveX,, M4

N
v=">(v, e)e, (1-2-27)
Jj=1

YT ARG, BRARBSZIN, BEM (AT o %R SHEhE
T EENMS.

B e, e, e, | RABER YV IERTE, Zvill{e, ey, - ey 5K, B4
i 1-2 15

N
v=Zajej (1-2-28)
=

K, a,=(v, e;). FHvAiLile, e, -, e, | &k, Wamk (1-2-28) HR
Fla, (. WIRBUFRINERK— Y, Bk le, e, -, ey MKW, BEv R
AR . AATRE S v BEE R R v, IXR R AR A SR RSB )

EX1-9 RV, ZRARZRAV §—AF =M, sHEMveV, 2veV,, My
BV, b ERBRYRE— KTy, cV,, TRy, B

[ = || = min v - w] (1-2-29)

W 1-1 frs, MWEHRRTE H, TR T v i) v, KRN v, =v—v,
RELEV, ER. 4%, HFHABEMLE R SR, EREASEN, HIEEEHK
ARAZERE, EUREIRANS, W L (R).

Vo

vi=r-w

o v

B 1-1 ABEE R EA B



