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ABSTRACT

It is an important procedure to detect the inner quality of steels in the process of
manufacturing. It is also a long-term research direction in the methods of testing signal
analysis. In this thesis, the characteristic of ultrasonic transmitting in steel is analyzed.
The ultrasonic testing system is modeled and it is built that the mathematical model of
ultrasonic emitting signals, ultrasonic transmission and the ultrasonic echo signals. The
time-domain and frequency-domain graph of the emission signal and the echo signal is
simulated in MATLAB. The ultrasonic launch signal transmits in the internal
dissemination of steel, and carries the information of the steel internal structure and
noise, and it becomes the ultrasonic echo signal in the receiver. The echo signal has
non-stationary characteristics, and we adopt the time-frequency analysis method to
analyze the signal.

The wavelet analysis is a new time-frequency analysis method. The DB wavelet
generating function is selected to de-noise the echo signals using MATLAB and
eliminates some high- frequency noise. The echo signals after de-noising is analyzed in
wavelet analysis toolbox by the multi-resolution analysis method. Then the signal is
decomposed into low- frequency part and high- frequency part. According to the results
of wavelet analysis and transmission characteristic of ultrasonic, we determine the
internal defects in steels as well as the location of the defects.

First, we analyze the principle and characteristics of ultrasonic nondestructive
testing, and discuss the basic physics and characteristics of ultrasonic, and design the
model for detecting steel. According to the characteristic of ultrasonic transmitting in
steel material and comparing to the disadvantage of traditional fourier analysis, we
select the wavelet time-frequency analysis method to analyze the echo signals.

Secondly, the basic theory of wavelet time-frequency analysis is brief introduced,
including the continuous wavelet transform, the discrete wavelet transform and the
wavelet fast algorithm. The wavelet generating function is detailed discussed which is

used in analyzing the ultrasonic echo signals, the characteristic of wavelet generating
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function is studied in detail. By comparing the characteristics of different wavelet
generating function, we select the DB wavelet as the wavelet generating function for
analyzing the ultrasonic echo signal.

Thirdly, according to the characteristic of the ultrasonic transmission, we analyze
the traits of the ultrasonic launching process, the ultrasonic transmission and the
ultrasonic receivir;g process, and build mathematical model for each process. We
analyze the time-domain and frequency-domain traits of the ultrasonic launching signal
and the ultrasonic receiving signals. Based on the mathematics model of the launch
signals and the echo signals, their waveform is drawn in MATLAB by program.

Then, according to the characteristics of the ultrasonic signals, we de-noise the
echo signals using the wavelet analysis method. According to the threshold selection
criteria, we use wavelet analysis toolbox to draw figure in different threshold. Based on
the result of de-noising in different threshold, and we select the heuristic threshold to
de-noise the signals. Comparing to the statistical features of de-noising, the DB6
wavelet is selected as the wavelet generating function to analyze the signals by
de-noising and multi-resolution analysis.

Finally, we analyze the ultrasonic signal using the tool of one-dimensional wavelet
under MATLAB ervironment. The signal is decomposed into 5 layers and gain
high-frequency information of each layer and the low-frequency information of the fifth
layer. According to the first layer’s high-frequency information, we can know the time
that the singularity of the echo signal is appearing and calculate the position of the

internal structural defects by the ultrasonic transmission speed in steel.

KEY WORDS: wavelet, time-frequency analysis, model, ultrasonic wave, wavelet
generating function
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R, HFELEGRERA, HRASEEERBEREOREE. FLEFRKE
FHAORXSY, HB AR AT 43 EE LR M R s R U s R BLIRERSY, W]
Pk R4HE, FEERURE. RIERERAREFNER, UEASEERASIY
Rt EK, kR RSHEP.

Bkt R 5= RN AR Z - MEERNEE, ER—HA RS RHELK
SRR BB TR, R R B R SRR R AR R T . Bk R AR
XAFEREERE. REREENSKREES. LRGBSTANAR, bt
REEXTAHHEEEE. BEBE. BEBETATESRLARTURER
8, EEFHIREK. BARMREH TR TE, RURKWERBEMRE,
HRABABE TR, BERRR IR, Bk ki R A SR ET 3
%o |

HAMERAAMT: RIHHEETHMRERNBEERK AN AR
$H— B ARk E, BUR RSB R AR 5 — R BRI R, $R3k
BB N R TR IS, BROVATIE, BEJE BRI i RS P AR P AR
FIEIB AR BRI B R — R, KR, HRAEEERARENER A 5EE



WERKFH L FAIEL

BEEE T, v CUE AT ], LUK TS AR SRS — IR A — R I
W ZRE. BERENNRERNE 2.2 FiR.

18

O A R
/N =
< / \
— ] 1
- L1
B 2.2 EEEaREE
Hrp.
A=v1 /2  T=vt /2
R,

t,— B HEB (RIED BE,

¢, — 88 IR R G [ B (R Bk B IR ) B (8]

v, — BB EETSAFRFEE, 340m/s.

v, ——BEEEMMPRIFE, B 5200m/s.

SRR AT LUK 40 00 S50 P2 I8 £ 47) 22 e 20 VAR 75 IR ZE A0 A B P A 40 1 32 18 R
SE B BE R T AT TE AR SRR I A B ABRBE R KD

MM BRI B AR TR

1Bt 5. BEEH, HR% 100—300m. HKAFEHEL2. 5%,



WHRXFMEF AL

2. Ry ge
REEZS: 81 Y;
4. Ry TE B -
5. Bl PR R«
6. FFEEE 7

: BB H 10mm K HIERFE .

5760°C.
150mm/'s »
—K Im
AKRT 2Mpa
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WHEXZMTRMIEL

EZE MESWER

3.1 MRS HTER

MERBRREIEERFESHHAENEN—FHORFEIR, EC ZATHE
GRE, BEEFESHTURMRRE SOESTR, HEARBERES RETHNH
4T, BEMTERERRRE T KSR RAHIE RN &M EEEE ST
R HH.

LI NETRFTEE R

EANMAEBNEE, 8REFRENFSTERTON, FAWRENHEE.
PLEBHHRE). SREBHEEE. BRES. T5F5. BETEAS. H4ZHES
FHERTEUMRG. K. H%. EF. EENSERN, Bk, A—H#%
HHhIREHERNETEET . '

B 1822 SEfE3LH (Fourier) K& “#MfeMHTER” LUK, HIHEH—
HEGFSABGEFT AR TZH AN FR. FIHRROZELBEREKRE
SHEE— RN RAESEZENEM, NEMNDII—IAERREEFESN
IR BRI W T EEDR, EM O R BRI E ST ERK,
HREEIMNZHRE—NENAL, BRARERERHZETHERER, TER
WAL R ERA T — MR ENESREH ANREER. hRRHR, E1L
AR # R R —FARE RN, EERRREN R 2R (BI5uE )
PER®), MERNBEETEE (KL FES) I,

AT RAE SRR 8] A B FFIE, 1946 5 Gabor $#2i T & A K Gabor
B, ZREH—PRRBER G (STFT, XFAME FiIMEH). K
BEABRRGHFESM—MIE, FISNEIHERIERPER PEANGES
7% He, BIAT LRI HAE S RIRHE . BT STFT e X T HE RN
KAFFREAR G T o BRI KT B RFE AR, XxFHESRIEEAFH
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WHRXZFMLRAIET

#, BAES RN ERE, TRAESFENERK, B, HEXER
FEXANE, XTEREESURAKRBE#THIH. EHTRESHIN, X
PR (8] W AR IF) STFT BB R & (B ABEME TR W ERMTEN,
XK STFT BB R QB TN N, Ak, EHTHREHER, A
FEGHRBERA, UWATHRERFER, B Gabor EXREKEH, #
AR R—AIERE, SRETEHRAE.

Lk Gabor KIARIER/DEERKFERFE, MERBAELEAMKET
STFT HREL B, MAFR T & O R/PABERERY . RE B HIE R A
B— PRI S 0 E.

312 /hEEHRMERTE

NEZ BB S R B E WA {E S A M TR J. Morlet 7E 1974 £ E 5%
RHE, BdYEMERAGESLENLFREELREBLT REAR, HKRAE
BREEERKAT, W 1807 FikEKH S T#2IT J.B.J.Fourier 12 H £ — R ##
BERRIT A= f R SO 75 G B0 G 8T MR & K 58 18 2138 B 8% X J.L.Lagrange,
P.S.Laplace LA & A.M.Legendre KIAT]—H. Eizl)&, FEL T, A.Calderon
FoREBN K. Hardy 25 (8] {9 R F 7R A RIR AT R A /DB B A
T Eib LR, T E J.0.Stromberg TG T 7 582 L IEHRUT AR MEE:
1986 FEZHFK YMeyer BRUWEH —MEER/NEE, H5 SMallat FE1E
MR EREIME TP DL —RER, FRETERESTNEES, 2
i, DMEIAFFEED R BRK, Ho LR L ¥E K LDaubechies HEH) (/)
B+ (Ten Lectures on Wavelets)) X /M RIS K2 T EERHESNER . 5 Fourier
¥, &0 Fourier ¥ (Gabor #H) Mk, ©RE—AEREIFHERKFEAZ K,
EmAEAE B MNESPRIUE R, iR FBEEE IR kMG 5 #T
£ REMWHHT (Multiscale Analysis), ##R T Fourier ¥ AR R 11IF % W 7
B, WTIDEBHRBER “KEBME", RAMTRBESL EEREY,

21
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313 /METEHRETERN PR

BEHEHRMTPRESBRAEANIA, WA URITIETRES
MHEATR, CEHRBUATIE BN, R, MSTES S &N,
BREHGESUHBFTERELM. TN, MEOFEIERMFRE T ZN
M, BRBEREER,

MBS TR T KNSR

L ESHE AR

Fourier ZHREMARKFSNEETR, BERBHE M SARMENE
R, MELAETRREZHOMLERSHEL. KL, F5FTIRUR
ZHRINTRAEHECTERRSR, WhEEPRREMRE. BRTEWEN
W% BRANRHERENREEMEERRNE SRS ERAESE. DMK
ZERA T Fourier R T EFEM T HERANRE, ERALAHEIH
Frm, T BZERRAIREH RILfE 5 BMIFIENRES, £—HMEOX/NEE AR
TR TT AR, BBl AR B AT AR RSB, RESTH
WEFESPHARNRERSHBREES AWK, FUEEITNETHE
i,

2. {55 aAALIER N

NSRBI T EAR S AN Z B E) “ BARLUEE” A KB BHU
REHRREDERY, mRAMURERKR, WESHEHBERERS, KRZK
R MB—-MESEAFRMRE LBRUTEER S, B2 BHLERENERE
AR RE LB AR TIET.

3. fFEmME 5=

FIR MBS RATESHRRDEAELETNEENMAZ—. EFAR
BAR SR B /BT D BSMBR, ADNERTUAIENE S PR AR, Xt
ESHARUIAREEM. BIK, WELEE S RUE S FHIHIRIE B 5 A
WESHIEK. WEHE ST EFEE R E T LU/ R 325y iR R EGR S
HREAT, BRESUEHR/NEDBARBEITER, RANXE S ML
GELLIR
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WEXFTMEFAIE X

4. FSEBS5ER

NESRERE SRBLED, ZRYRHBRTERANELHERITE. &£
EESMPREEATHERNERES, X—HAEFT PEMAZIN. ERZHER
T, FEERGESHEEHUT, RAEFEFSREFFEIMER. I THRHBER
R—WHES, TUAMIER, MESHTIESRE, EESOIBAZTD
FERHGES, BREFEENASHTRERNHABRFS, HITHRERLE.

5 5S4

AEEHREE—H “EH” M, ERTUE—ME SHREEDEER
BAEPFOHRE L, BARRE, XERHOBELRKTEDEERRET
RENMMTREPMEREENESREE M DMEREE. ERERENMRRE
AT AL B AT LA N B SR R E B E R EARNFTANENGES, R
JEEHAT MR SR RT . REFKERFESRET — LAY, BRRKE
HATHERE S .

3.2 MERESERIER

321 MEEHRMEX

AN (wavelet), BI/NR BRI, B—FFHRIKERR. FHEHFHETE.
CHBEMEE: —& “A7, EEREAEBAEEEWUEUERISR: ZRIE
R “EEHET, BRRERSBAF. HIHMTEERES IR —FRIA
FMEMIEZKABM, FENEITRERE SRR —RIVMNE RS RN,
XL i iR MR R B — DR B R AT P B 5 REMAERRE. AR B
oA ARRME/ S RECRBILREBHE S BERELARMIELHEE
i XERMR—ENER, DESTRETUET ZEBRKNS, BEE
WICE AR R, HRMESHEFERFES, BMRZE—HER.

3.2. 1.1 EFENETR

N RBEFIE X Ry () A—FHARELR, HHELHZ R y(0) %
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ol JCaUn
@, G.D
[
Ry () A—NERPNFEDMERRE.. BHMBEMTEBEE, B2/ RE:
v, =al* l//(t—:k),a >0,beR (32)

MEBMARTUE Y, BATERET —MENE, BEREEN T — 4N
RE FFEMME— RN, NGRS R

L REME CRRRT N, BE—MRMOREZ S, BENESAT,
B R B AH A, AH 2 REAME

2. BEMTIEAT, B (yp@)d=0, TRy ORENELNT, .

[#w(dt=0k=012,-,n-1 (3.3)
B fOEZHRAEBEPRAEEMERRA, RELTEK, FFRAMKL:
[rofa= " @ b)] d"db (3.4)

B2, MR —ANE XAEH R8I BT 5E A T8 R
FriB /MR BRRRIERE S f(x) e P ELR/NEETHTRIT:

W, @by =< s Aol [ Sy (3.5)
NEFHW, BRI B L £ S R LR, R R LAE
HTRIPEREREL K.

3.2. 1.2 BHUMNET

AT EFEFEN LTI, B/ L.
ESMEHATERKERE, ERERTEIEEOSERS LR, &Y
B TERRAKREE, 4t=nT,, b=kI,, W (3.5) XA&R:

~k
)7})

W,(a,kT,)_ Zf( T)w( (3.6)
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HAPAT =T, ERFERR. EXEL:

W, (a,k) =%Zf(n)w("‘k) 3.7

a
CRETHE—ANMAEal, KKREAFRLETRIREN, TE3ZET—4A
W, R, XBoREBLARBEEK. WRBRESHKaMTBESHb H53K:
a=a,/ ,b=ka'by, ¥, jeZ, FRIKa, =1 REEHIEE, WX BN
KBSy, , () TUS R

-_— j . -
W)= ao-j/zl//[t___ki;’_l_’ﬂ] = aO-Ilzl//(aO-lt —kbo) (3.8)

a
MEBMETHRRETURTA:
Cpu = [ £V, (0dt = (F@h,) 3.9

3.2.1.3 /pEREEE

PMEREHZEREZ PHESN (ZRESH) BEAZ £, B S.Mallat £5F
FEG A ) B R RRE, SRR AAERMRENEERHET —
FfE I 5, T B A ER MRS ERE R IAR O T 2R K.

£ PSR ARIER ) [ (R) 0 — B ERA T ZMBERFIY, | . €
W2 FHIEK:

1. —cV,cV,c—c RV, =0,Ur, =L®:

jez JjeZ
2. ¥, =spanlg,,(0)19,, =292t~ k), ke Z};
3. p(t)=) h¢Qt-n)th}el’;

4. {pe-k)} R Riesz . BIXHER f(r)eV,, HEE—FF{a,}el’, &
f@)=Y adt-k).

keZ

Kb o) RESPESMRM — A RERL, 90 BMETBIENRLTFF
#,,O} RER LR —18, BERRT Y}, WERT BHHEI.
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Mallat HERBEZHHRST. REBEMDERBHERTRN, ©XHA
f(t)e L(R) I R AT £A/NE S B E MR,

PMEREHEEEREMERNYE EMHE, £ MATLAB KM TAKHP A
BAABEPRERIER A, BT 2T B SeOii 18 [ RS S 0/ B AR E 4 R
FREEM.

3.2.2 NVEERER

- BROZWERTHSDMEEY, BEFSLETENARRONAS, I
FHRENDMEERERES TAMBEERME ST, BHRENATFENZ
FUNEERATHE, RUEEAFHRAK/DEE, FRNDEERE SRR
t, A—RESERTRMERETHEERABARANER, ZERERFS
R R T WA, B, XmE#ITMNEEMERRITHR, ENNRESS
HATHE, FoNREESEERGEEPEERTHRALMESR, CLERAD
BRBE & THRAERIESHRNS R AAEENE L.

3.2.2.1 PEERFFE

eI, ERERE—H, MEDMIRRPEFS /DR UER.
XA —E—FERL T XERENTE, H—TH, PRI EEREAR
RIBT SRR, XA PEEREEFRT HXE. NI HRsKE, Do
AR ER—AH BB EAFANNARETEINTHRESEHRFR, TR
BUESHAAERFEARG BRI EEE, B DA /NS I 50 4 4T 4
PRBELEMMANE. MNERENTESEE. RXUEMERE. HRE. EU
. SRR, DU ERER R BT ESER /DR, UERROIIES.

L B tEmzEmtt

MRHRRE R RBEKBRARMTEATRPEWRNEREE BARER
BRPMERBREAERXEEE, REIHPMERERFRIME. EXHERDENY
—MEERR, BIPEAFTEANROEY, NABEORRE. — AR/
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WERXFME R

KB R e AR A ATIR LRI RIUH v, X T DUB G s b 22 i
W, RSB AS5IEME. R, REMAERETM, RANEHFEIHE
FAraen), —BAEPMEEENS EAF R, B RAE/MEER: Db MK
. Sym M. Coif PEEZ,

2. IENtE

IEME R A /NI e, 8% L, ® f(x) 7E 5 x, B Lipschitz $550Ch
a, FMEEX N a W EHR EETHAMEENTEMNIRRPEZOUE
BEMFTRARBEEN, NTXEFERDMEEXRE, ENHEESEREREST
BRI RE.

3. HRME

SHFHHEMmM ez HB0<m< M, MRH [y =0, WHRPMERL

() BE mPERE. SREESH, ATRBAERGRAMHTR A, Pkl
MEEDRAE R EHMHERE. ¥ RLE/MERENEREDR 3.1 xR,

# 3.1 R EKESHAE

YN & i REERBEKE AN R B KR
Daubechies /M 7 2N-1 N
Symlets N F 2N-1 N
Coiflets ME R 6N-1 2N
4. XFFRHE

SRR PMERFERRERERFEREEN, BAELEHEX
BRI/, T HAARMEAG. EESHMIS, REREA/MEREEBE
KRR, R R AT RN, WAL Gl S /NS R M E IR B
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WRXEFM LR

RE.

Daubechies ELZ2UER, FR T Harr /MNERASL, RIEESREEXIER /DL,
TR FRUE R MR AT B A AL A SRR B R M AR B0 5 ST NI . 2 N,
BENRBABERTENS X, —RABHRE, —RAENRE, FUEsn
REEENFAFERTLE, BB 0RER D, RREE SRR
RERE, HFRBHRER, AR e LT SR — Kk A, |
R MI BRI TR, R, B MW A-G
12 L b EARR A AR, NS HOME 1 bt T DU — B R A A
B, ERMEEHIEMARG S, RS SR,

3.2.2.2 PEEMER

SMREES, KRR ESENKE LRFESBEIARARE L. EFE,
ESH/MNE R CDEYED RERMBER, dTREBENTEHKIRE,
FEEFEZXNMABREEMEREMBIESH—NEURER, BMESHE
PULH R BB T MR AL, MATEFEEEN/MNEEES R TEE A
FIHIE K.

HAEMEEMLE T T EEFUTLANAEAR: F-HEERILB/DK
BEREFRESY, ST ERAER ERAM RN EEEREE, EdT AR
MEMBESHEEMNEEAERY, R —ENEREE, XX TFARED
BERHIARTSHFRROERE; B-HREFZLMENPMEEEEHEE
MEX-FTEEAFHIURER, GHENRAREST TRER: BMEK
BTG NE RN ER BT MEEFTIE, S ENL ARG EBTRDHVE
MEHoe B & M/ANEE, ERENRIEHAZNFEBMEREIFREN. &
RERRE—. PSS & BT ERIE R /MR, BRI LS/
REEW ARG SRR BORR A e MR RERTE, St sk,
MEFSH EHRB/NEEEZBUTTE:

L MEERB () DERB Y (0) RE&H o) F/MNEEBR  (0) KISTHE
KE: RAEXLERPENBTENNERER, CERERBNRE LERE
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WHRKRFEMTFEAIEX

WA HTtEe . BN, TEKEAR—, BT E R R E L E B A,
ANBEER R B R B A E R AR A E, BB R, WU EIR R LR
SRR

2. XFE: EESHSTTRERT B EMMLWE.

3. MEERB () RREEH e KIHEKRESE, XNTERRAEM. HEX
SRS B, KRR,

4. . EHESMERRGEFAFRURREIEEH L.
AT EEREEE. TEREER, NE—PEENMNEERTRATIIMR.

5. RE&H o(0) REFE.

6. RERAFEXHMIER .

1 | Il’ - o
05} ]
0 .
05 ]
1 F . . l | -
0 2 p 5 3 10

& 3.1 db6 DIk RS
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05}

30

P 3.2 sym5 /B R

Q2 n4 16

3.3 haar /MK

0.8




IWFEXEMTFAI X

0s8F T T Y r_l T

06

0.2k -1

06} -

vy

A
8 £ -4 2 L 2 4 6 8

& 3.4 Morlet /MFEGEL

L/ B R Boan 1 3.1- 3.4 R B R, E LR H S EF R
BRATBLAT 48 Haar MEAREAXHME, BRELE: Morlet MNEAREERH
FE N EREREEE, THEEX, #iK; 1 DBN MEEEERHE. &
MR, KBS TIEL TR R, FUERRES 2+ i%ESE DB 4
B BERELBRKIF, DB6 MEAEREFY,
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WHRXFMLEAR

FNE BERNESH/NERRSH

4.1 BERMNEEE

EBERETRR T, EA—NEERMNRGEET UL U TR &
EEASER, EFEEEIENEFRRIGIRE. BMERERNERENE 4.1
Fim, BEBEGESERTRERR. BFFSHEERN. Fafkdk, BEHE
BB UC . BAERRAIMIRRE: BESTE—SRNERES, BESHE
HERRERTHRRERES, HRESRKEIENDES. BERERND
R fe sk, BEARN AR EERERMNMTH, KPURMNAIE. REGSE
BREBREBRABERRAES, RERZREARBREZE. BRERNNKESLM
ReE LT AR B AR R AT B

M S
4

HES

A

kL

BHD ||

E@ B
HlaE e BfET

B 4.1 RS
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411 BERESEE

BEEEHIRFECEBFARMKNRES. BANREE=1/DT, Kk
HRE BT UMY BE - NRERN— B EEEME4. EXFEERT,
BT R B8 P 4 46 IMHz B 20MHz 2 [8], RIEEFKIAFN AU, @58k
MR AR LA A BB KR S . AAkE S mEKPES . K EE
B, FREELESURMNMEHESEOCY, fEA30h, SRRk E S 1k
Sk R A BRI IES, IFEBKr LR BRI . HECERA AT RRA:

t, t,
AcosQaft) - <t-nl<Z (4.1)

0 He
Heh p(r) RIBEE. BEMAWSHNE A, ¢ T KK RE. £ MATLAB T
GIETIEE] s(0) MBT BRI ETY, WE 42 FE 43 frR. BRESHIEE
A1, BSAE A 4MHz.

KPS S A MBI AL S A, R R SRR —BIR O R
%, BESBRIERME 4.4 iR, RIREROEERECH T(0), RESHIRILA
v(e), me,

s(t) = p(t)cos(2nf t) = {

V(t)= F'[T(@)]®s(t) (4.2)

7 T [ i — T T T T T
R R z[‘s N RN
05i4... ﬂ e ed bt ﬂ R R
G- I PO O R . JUR DUSY SO U N

05 J J ...... J" ...... J
LUV
o 1 2 3 4 5 6 7 8 9 10

& o R [

B 4.2 Hhfs FoHIRBE
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WHEREMLFAILL

10 ’ ‘ —

T T I T T T ) | s

. ' ' ' ’ ' * ' 77

; ] 1 [} ' [ 3 [} ] &

] " 1 ] [ ] [3 ] [ ¢

gl-eeee. LIS U reeena PV Y eeenn e LU, U e o

] ' [ 1 [ ’ . ' ¢

[] ' [ t ' [ t [ £

g [] . 1 ] [ [ ] ¥ é

6 [] [ ) ] ] ) [} [] %

------- ' f 'l..'hl,-.---.q..-l.-’r-’-ﬁ--r..l‘.uy

3 ] 1 [} ] [} . .

] v ' ’ ' [} [ ;}

] : ] [ [} [ ] :

N /

; 4L. ...... * + ST 1‘--..--.: ....... R feamas -4

. [} ) t ' ' [} [ ”

] [ ' ' ' ] 1 %

] ) L] ] 1] 1 L] “

I § TR i [ Bunvons Sunanmm dunonans Lusawsan Lesens -

i 1 1 ] ] 3 [} ' 0

] 4 1] ] 13 £ 1] &

‘ [} 1 ] ] * L] [ #
U 1 | } 1 { i

H43 BBESNEREY

—fH: T(@) =T,(0)e "

o th|T(e
play=-2 RO,
zly-w

-®

0 | T@) | v

Bl 4.4 HeEe S EL

4.1.2 BEEZERIDE

BEESREEORHRES. RAMBEKE. BERa—RRS RS aET
B, ANHBRERNEEKEEAFE=AES: —REEKRARMHRES, XK
AWRABEEEEK, AEERFFESORIE —RRBERNAEK, ZHRIES
FREETFENERABRET TN, BREELERINGEIZIGE, SRS THHK
FHIMESE: SRR ARERS, SBERESEDRATBESUEMEAR
—HIERT, BrEEARRSANRIK, SRARHESHL, XBMES
AR R E B KM, MHHARE, XEESEETHERTRIENESR,
RN BENRR ZHME G . EB6CE, BFRES—BIERTRERN,
A—EMANG B BRAERABIHERBAES, BhORRAERBATEER RO
M4, BWCREEBR R HE S TURRE RS FE S LM RE RS AREREEE
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(1T e e e 22470 &

MImlES, HRIAN:

s'(t>=<§:>'"e‘7’zs(t)s<t) 43)

R T R AR BREMM R, o) WWRELL Bom=1, s() HES
BB

[ 4.5 A 4.6 S T /() IR BRAIRRY CRMEIBILRE B R FE R0
PR DI, KA T RAE MATLAB FHRIE SRR RA RN, A
B ATLUEE, BRI I SR A R R A A 5 S 0.

o 1 ok S e D L I T
osh i
e Of ‘
05 -
o 1 2 3 4 5 6 7
gtral Cs) x18°
B 4.5 s'(t) RIS
1 T T - T e T - T - I e e %:
08F
06F
%
o 0.4 R
02+ J L
0 ] 1 —d 1 ] Il

E 4.6 s'(t) FISRE TG
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4.13 BAKLEDSE

BAERENRTEEN, BEEAFETER, BEESRERE, TERA
WA S RERA RIS T ) 3 S 5 FA R R e 7S B R

1. AR BEREEE—CERE, BTFAHRRER, FRISFER.
X TEIRAE RGBS WO 7] DA D BB /R, TRk m] B Aot

2. REEM: BEBEMNRTEE, BT RARRFER LR
KRR, ARNREERYBERES2REERER, BREEEBERMY
AUKEERS BSMENTE, KERFLSTK. BN aBELS I FEE.

¥(t) =s()® h(t,x,) (4.4
£, X)) AR RS, FARERR A .
H(f,x)=e?
y ANRBRRRE, [ AEERE, x HlSEER2F.

3. BMKRE: BEKENRTEEN, LBRAFRMERATEN, SRERH
REHAZ LR ES . XA EFHHNROSHEAERBER, HRHH
BEEREE, HEANT.

() = s(£) @ a(r) (4.5)
at)yREREERS (B AL FIZRRE.

4. ntERERs . KRFEFAAEMBERIKESPERAGSE, HPHEBEERHK
SIS, PRI, HARRFS, IXLbng A ARET DL LA hntE R AT R

GAEULENASE, WEERKESEER:

¥,(0) = 5,(6) ® p(t) ® h(t,x,) ® a(t) + N(t) (4.6)
ERp s, () WBEBMES, p@) ARG FERERLE KWL, A,x,) IR
WREBEE, a()RREERS () AENEZREE, Ne) MRS,
¥ ERP A REBA AL, T8 218 AR AR B Rk 48 75 1 A7 5 A B 4
A

r(t) = fe ™" cos[24f, (- 7)] 4.7
ESEWEWT: =324, a=02, ENr=500, BEFESHEf, =4MHz .
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7 MATLAB F3 F = 4.7 ATB BB HER(E S HBH W 4.7 el mskhs
R B EBE 5 REE TR ANRS, RE AT,

[ I O T I A TR s AR AR P Nl [ 4 i -
£ prscs—— <
L2 L] ¥ T L] ¥ #

D5

.4

%
B
E )
e 2
h ’
i
#
bl
-4

‘1 { i i i

0 o1 02 03 04 05 06 07

) 5 -6.
Bt e, v ot i bt e a?lél (S) s Fo e wt x 10 il
47 BB AT
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4.2.1 Matlab /NESHT T EH

7£ Matlab7 %, /Mgt TRFRRA T Z] T Wavelet Toolbox 3.0, %A1 N
T/NESVTRIF RS FFEYE, 10 New Wavelet for CWT /i i3, BER#A,
RIPEEF. DERERSHTE Matlab 503 F B MET AAFI/DMEEBG
RAP#DO (GUD, & GUIFAFEFAEMEN, EATERSEMERF, AT
AR T /N ST RIS K ShRE. /DS GUI MThREIEH+£E, HEEDRNE
4.1 FiRl,

F 41 PNEGUIHIEET)RE

FEI)RE FIhkE FEIRE TFIhee
— B BN — YRR/ T R
—% D EERHR —HE AR v
— RPN
—ENETSR | —RDMESHERTIR | 8RR
— YL R PR — 4N R BRI
T BN B —4E FBM =42
Y i
ZHBEBUMNEERR YRR/
PMEETR RN ERTA ZHNBRRBUESE
PEEBIR
NEB R MER S
BRI CWT /Mg ki F5EH
EHIR
KR EHR

NESTTTRAK GUI REWE 4.9 FiR, ERLEREPEE AR/
SUThEE, M—EANEST, —PRESTE. TURELHRESHITNEE,
EHERTH—FREMINTE. FREBRPBEETR—BELFS, HKA
T—HESE NS, FEXMEEERAE, R T P IR EE. HH K
i TRFERHERTE MATLAB 447 F# A\ wavemenu [9] BT,

38




WHRXFMEERILX

«} Wavelet Toolbox Nain Nenu

ol £i0 Specialized Tools 1-
r SWT De-noising 1-D
[ Wavelet Packet 1-D . Density Estimation 1-D £ ?
[ continuous wavelet 1-0 Hidd Regression Estimation 1-D :
| complex continuous waveiet 1-D | ' | waveiet coetficients Selection 1-0
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% RAFE
fs=100000;
fid=fopen('f:\work\data.dat',r");
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fclose(fid);
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figure(1);
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