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Application of discrete wavelet transform to wavelet collocation BEM
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Wavelets are employed in the boundary element analysis. A wavelet BEM provides a sparse
coefficient matrix by truncating a small value in the matrix entries based on a specified threshold.
In discretization process, the collocation method requires the wavelets as bases of an approximate
solution, while the Galerkin method requires wavelets not only as bases of numerical solution but
as weighting functions. The wavelet BEM is usually derived by the Galerkin method because of
high sparsity and good condition of the matrix. However the Galerkin method requires double
integration on the boundary. Therefore, in conventional BEMs, the discretized equations are
derived based on the collocation method. In this study, improvement of the wavelet collocation
BEM is attempted by applying the discrete wavelet transform to the system matrix. Through
numerical examples, comparison of performance of the proposed method with the collocation
and Galerkin methods is carried out and the validity of the method is investigated.
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BAVa7®, THORNN—ZREDETE & b ICinE
DEDOHBERPZMIEMT S, 200, KRE:t
BOKEIZRQBICELSRTNIR LT, KEM
EORREAENTZENREL 5. 233, AR,
BEATHIOMEX®ETH Z LI X W REMOI M
EZROLIFETHS. BAECBOTIFEITIICLY
BELU =975 % R ERITFNZ AWV R Y IR AR A S
LHRVWEEHND, Hall 5OMMH L L1z, BA
13 Galerkin ¥EIZH L TREOEMEEAITHIZ1EY H
LTLESARENRBEREZE LTS LR+ 5 =
ENBTEAB.

UEDFERL Y, Galerkin ik & wavelet BAEITZF D
BEATHIOMEOR S 2, ERETIELERE LN
FETHHZ ENbMNS. LHL, Galerkin & Tl
HEOBRIZ ZEMS 2 OB LT HIER 5T, wavelet
BRETHEROEZODOERENLEL RS-, 12K
HEICEWTIBREICHSRTRAITHS. 22T, £
FHEREZ D L ICEHBICFEOFERBE SRR
WZOWTHR - B35, B-7 28 BE L L3RR
LOBRETRT. B, AFREIZIBVITIE Galerkin ¥
DFEHEZ Gauss DI I VB LTV B, 2O
DESREIL, HBELZHBRL-ZET4HE L.

BAETIE, SREBHERFME & SHERE L oBIcIX
FEAEETROONT, RFEHEODRILARLIZIT
EHERBOERIIRETHDZ L3905, —F,
Galerkin ¥, wavelet BAIEIZBVTIE, LFERREIT
BREOUVBRTOEAWNTIZEALEKELANE, &
BEEFAVWERAOHERELY LEA Z L1320, Lo
T, ZERGRERHE TR THEHERR OERED
RIIBRDONRNZ LR TE S, 277L, wavelet
BREIRERSZLEL LW, Galerkin ED
SERMO 1/3REICE YE o7, LEA-T, F—
BHEODOT Tt wavelet SBARIEN K & EV HERRE T
HETEAZ b0 5.

RIZ, B-8 IZBWTHERERMOREE L 2 ERR
DOBRE T

BRETIE, 2RER22AVWTHBITLEEE LR
BEORLMEEZED-DI121X, 1ZXREOERRE %
BRI b, LA, Galerkin ETIIZ
D 1/10 B, wavelet BRIEIZE - TiX KE T 1/60
BEOHERB TEATWVWAZ Ebha.
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LHEREM (sec)

SHAREM (sec)

10? 16’
BHE N

(b) Galerkin &

—e— Case 1

—o— Case 2 .

10k —=— Case3 ’d
—o— Case 4

2HERFM (sec)

10> 16’
BHE N

(c) wavelet BRI

B-7 BHEL£HAERMOBR

LIl EOFEFR L Y, Galerkin % & wavelet AL, R
REAENERFR THL D, BABECHEFHERBO
ERPEIREN L8325, LHL, Galerkin i
BT _HOERES A BEESICKVFEE L%
B, BREOHFOLODICEEBOBS RBLELRY,
BomRo#me & HICHERBSEMT 5. 207k,
ZEESEE LRV wavelet BAENHEREORT
BROLEANLFIETHDIEBZXILND.

—— Cas~

510
&
—o— Case 2
| = Case 3
107 o Case4
e LUR
10° 10°
LFHBERFH (sec)
(a) BRIE
10% E
1
510°F
&
107%

10° . 10
2HHEFR (sec)
(b) Galerkin ¥

10° ‘ 10
2HERFH (sec)

(c) wavelet B/&¥E
B-8 HRAERBORE & LHERMOBR

5. ZROABRREEFT 548 Neumann [
B~DEH

4.2, 4.3 TRL7E L ST, wavelet EREREILH
HERAKEWVIEHEDRELEORRZ2ENTZLBT
ERFETHD. T, BRIERVEHLEESR
BEREBROEEBNKEVGEE, +oRBEORE
BEBH-DIZIIZ OBHENLE L 2 5 R8EIZ x5t
LTEMTHREEZONS.
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o «<
B 8§ E B R EB
@ B B E B RN BN
HE & B B B E R EHN

]

B @ B E BB E R ECBN
E B B E B R EEEGB
E s E B R EEETBR
HE B R R E R EEEGRN
SE E E R E BB R ETDR
E E R B E B E R EDRN

‘,_]lIIIIIIIII

o[

-9 fETSRMA (SHERRIRE)

&2 MTER (SHERRIRE)

ESDRaE ¢ 40,960,000
RIS 3K 1,273,984
JEREE (%) 3.11

RARREME (sec) 5.12
2 EREE (sec) 111.91

ZZT, B-9IZRTLOR, AF 100 BOESED
BRER 2 AT 5% Neumann fEREIZ X LT wavelet
BRERELZERTS. B, SRLOBRIIFEL
ROWbLDE L, BREAHIEIETOERLETG=0L%2o
TW5., Zok, BERAESFEINBKATELZLNS.

e(x)u(x) + /F ¢"(6,y)u(y) ATy = ueo(x)  (30)

727U, ue FERES TORT v VAR EKT
H5.
K(30) # B L5 &, RORMFHEXZ2E5.

Ku=F (31)

ZIT, KIMEEITFIE L, widBR ELORT vy
MMZE$ % wavelet (23U Bk~ L, Fit
Uoo (BT HBEMS P ET B,
AR T, —BRENOZEFE LT ue =2
L, wavelet BARIEIZ L BEBULZ1T/e o7, F 7=,
fENTE R EIEER —EIC X 64 L L0, £HE
EIX6400 L2 > T3, 2B, BINVEBTNRTA—F C,
1210x10"4 & L7

FRMT OB O ER R L ITHIOEMRERER-2 27T
BB BT, BREITHIORS BT IRBEE T
EfEEShTW3., ZhaiEaicwmEz+sL, @#ET
#1 330(MB) DREEL ET SEEL, DTH 15(MB)
DR TEHRTEHIL2E%TH. RBIZELE
HERBIXSDEELRY, H2OoTEHENKTL
7. ek, 2REEREFELEBETREL2TRISRE
OFEX, AOEHEBOREDEZEBX TWZOTET
LTV,

%I, BREREOOLHELEZNATORT Uy
NSHEE-10 17T, RXERT Uy VReRD

B-10 SEEAMORT v ¥ LS H

L7bDTHAD, FRAZIZEBDNTIXIZIZEBA 2
BRBONTEY, HhRFULEREIEBELNA TS L
Zzbh3.

6. HBHYIC

wavelet SER BEREOBBULFIE L HEDHER L OBIR
WZOWTHRET L7, BEBUEFE & L CGRAE, Galerkin
i, BAETH LN RAFERICKH LEER wavelet 2
BEATIR D FHED 3 FEILOWT, H2DOFHEHRE I
BL7E. ZOFE, wavelet EREREILILUSELES
OISO BHELZLELTARMEICHL, T0OER
HERETHIZ LN, £, BREIMO
2 FIEICHANTIHDRLEBILTETH D, KEHR
K2 B wavelet £#3 35 Z L2k Y, Galerkin & &
FRIEOTIBEROEMEE & Galerkin % LE S EHE
BEOEHIREZETII L Bbhot. 2770, K
FUTHBNTIL, Galerkin DREATFIZEIC O(N2) ©
HEBPMELTAETALIY XLEANVTEY, =0
HEIIRERD % T O L7~ £ TRIRAN R 5 &
BRI BTN XLEERAT 5 LT O(N(og N)*)
ETHIR TS Z ENARETHD. —F, wavelet BiE
¥ Galerkin IED5E & Rl— D534 2 R TREITH NS
BNBLDD, FORSTITHEE wavelet THE AW
TETEREND. FOED, FZEITIIILESIZO
WTHE LRTTR LT, ZOHES O(N(log N)*)
BEFIFTHRCTAZLIISHORMNEETHS.
2B, WTNOBEE(L FECBWTHEI Y BT
DEFNZ L > TTFID ANR—ZAHITEE 508, BER
PR TIBERTZHBIBNLH Y, BHICELT
I ORIEZKT HEEPLETHD.
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