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ABSTRACT

The reconstruction of reflection coefficients using Near-field Acoustic
Holography is based on the theory of wave acoustics. Many achievements have
already been made in the research on Acoustic Holography, but so far the work
amount of the methods measuring reflection coefficients is rather huge and time
consuming. So it is useful to find a fast method of reconstructing reflection
coefficients.

Based on the basic theory of Acoustic Holography in axis-symmetric sound
field, a theoretical model of fast reconstructing reflection coefficients is built in
this thesis. According to this theoretical model, only complex pressures of radius
direction on each two parallel planes are needed to reconstruct reflection
coefficients, which greatly reduce the amount of work.

A systematic, theoretical simulation research on this theoretical model has
been done in this thesis. Influences of different factors on reflection coefficients
are also analyzed. A testing experiment using elastic steel plate with given
theoretical reflection coefficients is done, and the result matches the theoretical
value well. The experimental result shows that this technology of reflection
coefficients reconstruction can reconstruct material’s reflection coefficients
precisely. In addition, it costs much less time. To sum up, it is a technology of

high feasibility and practicability.

Key Words: axis-symmetric sound field; Acoustic Holography; fast

reconstruction; reflection coefficients
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Yo FATHEE KRR J 45 M Bl R VR 75 At DAL R IR IR S RE B B A
Fe: (o) NAH a5 FEWERE T IFIE 53N 1) 3 3% (Evanescent-Like
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ML 22— . NAH AR HE A TRBUZIRFF R A B BU B4
HMREFE U REWRERNET R, EHTHEER RN KR ST
MR TIRS . £33 20 BEMER, THELBHEARNAH) S ZH EH—F
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R, BETRGEH AR ZRINARR, BRI TERNIMEEENE
% HR I
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NAH #] 2R R, B THFAEARE S ERNIEYS 2B (CNAH,
Cylindrical Near-field Acoustical Holography)f] B FI k. FIF 2D-FFT(the
fast Fourier transform)itE R HEE _LEZHRZTRZTHR, 8T k-space
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EGELBEANLSEHBENENERES, FHEMLE, Loyau 5§
Pascal ZARHTHAFBRMEBNREHF £ B EE S ABAHIM: Broad
Acoustic Holography Intensity Measurement)"”, ZHAFAEERANUELE
AELMERE MEABIZ8A L - EFBNFIEENNERERRSE,
MTTFRE T 2 BEENER. ATHEALREBNATAEREREEDSEY
MIEHE, Veronessi 1 Maynard 7E 1989 £ &R H T Al F L BEM:
Boundary Element Method)3k 2 37 75 {5 14 8 1 A K Y5 T 2 () (4% 13 56 [ A9
2 RAHFE", Bai Bl TETHRTEN XERBFEY . XFHhiEst4
BHEMBREEBBHER, BEel RS TRAE R R REFER B IRN
RERFSM T RS . BERENESSBEIEEHEN, NTARMTEN
B (BEE. BRFMURETHE EEHNKLE, STARMES. HR
PLEAZ MR mEcE S FARB IR, EXBEM Jacobian BAHEK
£, FEMERLE K. Ao, SEGRTERFIER B IEE—,
P T EESBEEEAKSE, EmeRETEEIEYHNA,

Sarkissian(1990)“$2 i T FI F i SR AR B A £ BEOR, FHEEME
Rt ERFR T T4 a FRIE S NAH HiAK . Lee(1996) " 30 NAH /2|
ERAB AR T BRTE 75 VR (¥ 75 3% 2 6] &2 #:(SNAH, Spherical Near-field Acoustical
Holography). Bt bifh, B Z/OFIET IR AN ERRSHA, Tl
FHHENKERREEHEG T MREXR.

ETFHAFAR REN A2 RERNTE AR RELF TR Bk
BERO—HFENELBERER, EHRTURTENRS, RNXEHE
FHEI T REEE N E R EREARNEE, BAARTRERRIER
BorIR®E, REZMNANE. BLRENALRTTKIE RN AR
BREERITESHERRBNEHFE—A AR T RARIR AR %
EER, TUEALSHPANEHNEEENEREENTREIMMKER, H
MHFEMITEE, BTHENFEEASINMMEENFLEENEES, HFE
EARE, MABAREERENBRMNEBNEESBIR, EnAEd
ERMRFEERAXKERFRRIENRE. ETLLRRFE, R
8EH T =MEHEELLEEMTNMRBESE: RENELAEGE. Z2H
REAGEMESENENTE, HBELTNAMMBEUFRESETEEEY
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BHEBHA T, P EREERAET R R ER" SR A SR
PSS E N AR RANRERI)AT T2 BEM . B/RIETRREMER.
ALRPRIKT BB 2 R EMTEMA. EHTELEER™, &
s A B AR TR A EE I R A BB R R S AT T
RERBHHRLAE, FHRAKTFIEES SRS K BHIM A3 EEHE
WARE, BB R BB IENEE, MEHIHITERER, RiIFT BAHIM
FERMATH . FEC M HEE R A IR T2 BIHBHEAT T RA
BT AR EH% NAH J5ER A F K T8 B, FRT
THEHERE. EBTBRNEEER TR TIEAGGELRBFTEAR,
BEAERBA™, & PRI R T ZEE A RBARM N FRER
BEKMRN. 28X =+E2ENRE, ERFE2EEATEBRNGESHER
MAEZ RN EERR. HELHFHEHSHFA, HEENSE
T—ERRR, WS H Fourier ZLHikERM LR BHET K-2HEBHIE.
Wiener %, REEEURG I BRINENIESELBHEAY, BELRZR
Ef2REBRREMETF R TERESFEL2BER, URET Helmholtz
B/N_3eA(HELS: Helmholtz Equation Least Squares)fjiE AL BHER. B
TR AE NS AR, ERBEEMEA.

1.3.3 iEimE £ 2(NAH)RY LI

Y FE2RRERE R EEAERTS, MERE LSS EMRIME
B AR 2 B BB EEE KR LR R B, oA AL R 3RE
BEERE, BFXANFTERASEREBRREE. 2SEEEIENEEN
REi%. FGRZRRBREER NAH R EMNKE, IH ERM NAH ZBHE
BEHE=M: Z4= 8 Fourier ¥ K H AL, UM TEBEM) LK
Helmbholtz £/ —FHELS)E. #4558 Fourier 4 R H WA ML S
R, ERMNEEMNEEENERER™H; URTEBEM)MNIREHMERH
RIREN %, BRVERER, AEERMIEE—. FRRSML
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B E; Helmholtz H/) ZFR(HELS)ER N THIBIE Z B M —FiT RN
%, ERENEFISANE SAHEL BEM SR 5 HUS B AN E R
¥/, HHBET KREFRNMRSEE, (HHEEER/NF BEM, HHEE
Bk, mHEEERTERRRERENSIEMREEGM, BXTAKES
R, FERSEENRE. BSMEFHE HELS &%, DR HHRURSES.
BT HMFLFT KR8 NAH B, —FHE4%%&T BEM &/ FEERRFER
SUEMR A, B—HHENE BT T BEM REENTRRS . MNIEE
—HAEUR A HBREWE. FBEERK IR RE R IR AL
BRI FTHEAE—ERGIE, SHEETT S, R TRASRMREAER
R IEVE AR R R ERE IR A R Sk, RIS A F3E3 NAH.

7E NAH WS, BT EGTRBHREE, EFRERS—ARER
B—ERRENEREY. NAH RN BB R, SRBHES
BHERE, BTHEGEER G, EmELXREdETSESHAR
Gt RN, Bk BN REEREEESLSEERBK, &
HERRETEWRERBRMABELEX. FHEE NAH KidBRPFE
MAELRAEER, BREMARENAHERMNER, BERABERHE
B, ABRXAEE, FATERETREZGREYE. EER LET&
HITZ BRI ERENL S 5. ERERESRBERB Tikhonov F
20 42 40 ER B LGS, IFLE 60 £E4RH Tikhonov™, Ivanov 1 Morozov"™”
EH—-PEETHNE. BRENHFETLAY HFEHE: BEEULERE
RERME. EM T ELE ERW LRk RN —Fae, Ed—Em
BHIRMERRBRENEMUER, BMEPHFE—HE, EFREERE
REEBCR . EEMIENN T S, BAERIAY EFEERBERMBRE SAE.
ERALSHU RS RIS, XS AR EERE T ENLEE MR,
SCHR[38IEERE T/ A YRIL A NAH B g &l b, 321 R Landweber i%&
RIERMLTTEIRE NAH B, BHERERNANERZENEW; HFR
H—F R T #E BIUER IR B E—HB RS, EhEEdHES
PIEAFTIRE K HE B L5 R 50 B Z BAEXHR 2 & ME R IE BUR
ARSI BB R IE WAL R .

HYUMENSE, FEEBARNARCELET LR, BREFHEFR
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AEIE, i, BAfsERHREKMBITETERALRKR, B,
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FR X TERABEEUTILAF@E:

(DRZF MATLAB & &M E TR E 2B EIR K KRS RS RHR
BREEABTHE, BdEITemERRHxTHE. 28R Jl
BRRRE. £ RHEREMERIEE. BFRESKEMEIRE. ARRHSE (RR
SRR FEFEES RIELS RO,

(2% & ANSYS. SYSNOISE #fFxt B Firty A4 BRI B
RHRBREREHEAFTEREESHEGE, EETREWERHEA
SHNRIBE R .

CREFNT T EULBEGELERFARLRMAR, HIELRSH, #HIT
FHBIELR. REXRERRIERETEGFERERNREMEERH R
FREREHAE RSN EERMERHE, REITEBINEHLRSE
WE R B 5 A 38 VA TE LB L P A B .
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F25E EAXFESNERE
2.1 BEXKRE

FHRAEGFERFTEREABRAE THABMBERS RS, BREHA
A% Tamura 18 H . B4R REENEREMRMEBRAS f RH REH
B A [ R A 5 R (R AL AR kg s (B PR 3 W B R TR S AR R A TR (R
H AHRBAR) » B 28 i S — JZE /R R e URRPUE I e /R A H0) ¥ B
FEIE M 43 AR AR TR (RE TS A AR R) , ZE U8 0 4 B8t N SR B S e i
MR EBEBNS A RS RE",

HEANE—TETPFEEMENFEEBRESE, ZHEETRIHEEHE
#, FIRZE)EILM A #(SFT: Spatial Fourier Transform), #JBHIHI 2
BHEEHREES A (RBFEE) MENA RN FEHES 8, HFHF@E
PALBER, BAEMMERE (RHE OAFESBENRPESES BT
X, MBI RFEA R Rt R &

& 2.1 SR A A
mE 2.1, ZHEE (x,y,2) PE—MEHNER, BFHz=z,Mz=z, L
FEREEN p(x,y,2,) M p(x,y,2,) -
FI| F — 4 {8 37 M- 25 # (Two Dimensional Fourier Transform), B % BN
THEEESRABAN T AP TFEESEY:
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Plk, k.2, )= ﬁp(x, y.z)expl- jlex +k,y sy @-1)

Pll k)= [ [oe yhzyyexol s+ b,y isay @2)

VPR BEEET R bR (K, .k, k) S HENE 22), HFEFH
BH k5B BHRKR:

k' =k +k +k} (2-3)
k‘ ﬂ\\\
i
[}
- E
Q ; ?k"
¢ b
] Pre
[} //
kSCTTTTTTTTTTTTTEETT T k
A 2.2 o5

ik & 2.3 PFE z = 0(xoy FE)VHRHEH, HEHEHFED p(x, »,0)
R 48 4 M RL B 0 F T i o B Pk, Lk,.0)

e

B 23 FHESMMERNEE
M FEESETURFAMENMAFT FEAENR S FHESERE
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n:
Plk,.k,.0)= Pk .k,.0)+ P.(k,.k,.,0) (2-4)
RIEFEST R EIE, ASHFESE S B ES FEE S &2 HHREXER:
R’(kx’ky’o)::Cr(kx’ky)‘Pf'(kx’ky’O) (2'5)

K, C,lk,.k, ) —RETHEEE K5 R
m%&ﬁmﬁﬁﬁﬁﬁﬁﬁﬁmiﬁ,ﬂummj»mﬁkwﬁﬁa
CJRE k]
0 = arcsin(k, / k,) = arcsin p 2 (2-6)

0

M@E-5)XMQ2-)RAFEE H, REW RS BT H 2 B8 A
SHE B R B, MATCARBAHNMAS AR RSE A RS A%, X
AR F S T A P R ST

FHz=zMz=z, P RFEHHPFEESE BT UEERLHNBEIRHA
S-S T R J 5 S T 5 4 P B

Plk, k2 )= Pk, k.2 )+ Bk,  k,2,) @-7)

P( x’ky’z2)=Pi(kx’ky’z2)+Pr( x’ky’ZZ) (2-8)

E—NMFHESBENFHz=2, £ EFHz=2,1, RETFEHBEIEEE
W, z=2z, FHE_EKHENKFERS BT URRA:
P( oKy 2, )= P(k,‘,ky,z1 )‘exp[— jk(z,-z,)] 2-9)
FIFER), FPEBAEERE, KFEz=0F 2=z FHNEHHINGF
AN RS B R RER:
Blk,k,.0)= Bk, k,.z, ) expl- jk.z,) (2-10)

Pk,.k,.2)= Bk, k,.0)-exp(- jk.2,) (2-11)

B ARQ-10) K- 1DARAR(2-9), B2V iH z =z, K FEMN S B F@E
z =0 _EAERL BB IS R R S T 2 B iR R IE
Plk.sk,,7,)= Bk,sk,0)- expljk, 2, )+ B (k.. k,.0)- expl- jk,z)  (2-12)
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I3, ATLATBEIFE z =z, WP EES B FE z = 0 LA NEEAS
AT A0 R S T 7 B R R A
Plk,,k,,2, )= Plk,.k,.0)-exp(jk.z,)+ B.(k,, k,.0)-exp(~ jk,z,) ~ (2-13)

BRI R (2-12)F0K(2-13), AT AL IR FE 2 = 0 (BD RS G FE
BN IR ST 35 43 R )
P( K, 2, ) exp(-Jjk,z,)- P(kx, k,,z, ) exp(- jk.z,)
2jsinlk, (z,~z,)]

P( oK, 25 ) exp(jik,z,)- P(kx k52, ) exp(jk,z,)
2j Sin[kz (2,2 )]
HE-5RK, BEIC,(k,.k, )HRER:
_ Blk,.k,.0)
C,(k,,ky)—m (2-16)
P(kz k,,z, ) exp(jik,z,)- P(kx k.2 ) exp(jk,z,)
P(kx’ky’zl)'exp(—jkzzz)_P(kx’ky’ZZ)'exp(—jkzZZ)

HET R, REMNEGFHz=2Mz=2, LHEEEDH, B HEY
RS E RS R

MRRGEF AR RS M A RT MR, R EUR AR R
BEm, B4, HERSEEE RE 2R LR FRYE . HRIE Tamura 1231
HHEKEHE, S5ESHHRU E&F, FREQ- DI -EBILHARRE-D
Fourier transform) [ g — 4 {8 37 H— I 28 /R 2 # (Fourier-Bessel transform)ffr
R, T

Pk, k,.0)= (2-14)

Pr(kx ? ky’0)=

(2-15)

C(kk,)= @17)

P(k,,2)=27 [ p(r,2)J,(rk, Jrdr (2-18)
ERZ#HN:
p(r.2)= == [ P(k,.2 )k, Tk, Yar 2-19)
2

R, r=(x2+y)"?: FEAE 2 HEKFEE;
k=’ +k)?: fRBEEATE SR,
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——————————————————————————————————— ]

R, RS RN 1DRE N
- P(k,,zz)exp(jkzzl)—P(k,,zl)exp(jkzzz) R
)= el o) Pzl bm) 0
FA—-gEIH—NEREHRARMITHEBE S, BINRH R
C.(k,) R BRI (k. k,) AR k, (X R0 RS R A0 8, BIC, (k)R
E—NHATHLA M0 B 27 RS REAFIHE™ . XA R
RiE B3GR BB R RIER.

22 M=Es
22.1 HEZETEEETHREANSIRE

WE 2.4, ARFAHIESES B RIEREM A KRB B,
FRXMHEEE R, NRIEEHREZRBHY. ZRE 2.3, MEMER
B % Hh xoy ¥, BIFPHEz=0. Bz LTz HiE#MLE, 28R (NE
H) z=2Mz=2z, L FHRE z, SRBMBREZ 8] 53502 B EET
M, BE M, FEEMESEM, MAQHFE-2)K, BE M
2, FIE L &EH (K, k) BFER R Pk, k2, )7 Pk, K, 2, )

B 24 BEGLERLBTHERWERE
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¥ Plk, k.2, )F1 Pk, k,,z, JRAR(Q2-17), ATABEIBECH (k,.k,) IR
HEMC, (k. .k,). ZRIBEHSHFRAERTANER, NLEEO, BHER
Q-6)HIB Rk, k FIXILA RS REAETFY, WTIBEIS NS A 6 KRS
AR REC,0)-

LN EBANRSERE LEE %04, FEXH#IT 4% FFT &
B)E, METERERE, ABIMNRRSERMENNEEHNES L, &,
FHESBH _EREE. REN2BEHTT nxn, ASHEMH, WBLE
R [ Z 4 A FE R (n, M n, 53518 x T y 75 1 LB 3 5 50):

P(xoaJ’o) P(xlsJ’o) P(xn,—lsyo)
P(xo:a J’1) 2-21)
p(xO’yny-l) e p(xn,-lsyny—l)

SPAFEREHAT 4 FFT A, BRI HE5 3 NIXH R AR BLip 50T T 5
NE:

P(kxo’kyo) P(kxl’kyo) P(kx(n,—l)’kyo)

P(kxo ’ kyl )
: (2-22)

P (kxo ’ ky(n,—l)) e P (kx(n,-m ky(n,—l))

R, BN B, £, H A AR e B e

k,=2m/L,, (0<i<n)2)
{k,,:zn(f-nx)/a, (n/2515n,) @2)
k, =27/L,, (0<i<n,/2)
{ky,.=27r(i—ny)/Ly, (n,/25i5n,) @24

RF, L, L oAAx 4 REBEAT 42 3 x 77 [ y 75 L
AHEKE: n, n,25AFA R ERARSH

x#E, FIARQ-23)MA Q248 e MBS &, BT R ER(2-22)/%E
B ep B0 R P 2 BT RS A . FIRZAERERBE A, AR
(2-17), BRATLASRA LS BT R K5 R % BXTAERIASE F 5 B R 5
RECKTY, BRABIZASANERSRE.
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T EERREQR-2)AMQ2)AHE R H YT BN EHE. £itHER
HRE, FORRIENRSSBNNMEES, MEAEZEESS PO, H
i, R(2-22)%E M A TSR ST R BB 1 2 R A

0<i<n,/2
0<i<n, /2 (2:25)

B+ <k,

BHEXEEENNA, FRET R4 FFTBH, HaTABEZA
ARARKRHAY, NTRATEERENEE. B, XHNTEEE
WHEESAENERS RE, TR ARSI FFT 28 #k 45 55 B o N 50E soxt
MENS R ERE R R NQ-23)RQ20RATLLED], EBIFLH
AHAERNRSRY, REREZASHE, FEMKL,, LKHE MEX
PG, FREANEMmERE SRR

XM AL ERHEERMMERE, EXHFHRELES, F
RENERN2EE LR ES DM, MEMNTEEHRBRK. XS
HEERFGHRLEZ R BhY, HUETERNELRN, HESHE —E
RIS o

222 ¥ T EERTMBANERE

KB GBS, KETELAN REN LAY, TIERLYBHER
AT S RO R . B, K FRAH%T ISR R
%R, BT BEISNER B HEG. STRER, fE, E#Q007)S“FA
iRk (BITE) T E AL BHAL A METHENRIRE, HTF¥ad
Fl, AL RE— AR RART S — 0, Ry BE.

0P 2.5, B NIKAE A REARM BRI, AT AR A
WD, 4 BIRBMEK TR R = R, 852, FEENE
FEA, BB AN IR, 18 2, 7 2, B S A7 BN
B3, 5z, Mz, B BIMRM AT LS A OEAEES A, REREEEHE
Sl 4 BHAME XAk, MAERMEE R R
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