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Abstract

Ultrasonic holography is bezing widely used for many fields, such as non-destructive
testing, ultrasonic diagnosis, etc.. Digital image processing by computer is of use to
scanned ultrasonic holograms, because the processing requires less memory capacity
and processing time than those of optical images.

But the scanning method using one receiver takes too much time to acquire data, s
it is disadvantageous in producing real time rzconstruction of images.

In this paper, the images are reconstructed by calculating the new and general inverse
Fresnel transform which also gives the possibility of the perfect reconstruction under the
condition of tilted hologram with the aid of the fast Fourier transform(FFT) algorithm.

A method of saving time in acquring digital ultrasonic holograms using the pulse
wave is on-line data acquisition by using the array receiver (consisting of 33 transducers).

The experimental results produced by the above method are as follows.

o]

1. Reconstructed images are compared with one another. One is acquired by use of all

— 87 —



€] 19784 3F BBIRHEAEHRIE F138

data (64X64) which are obtained by the two scanning method.

The others are acquired by the interpolation of a half(64X32) of the data and a
quarter(32X32) of the data which are obtained by the one scanning method.

2. By means of a new algorithm, perfect reconstruction of hologram obtained by the
tilted array receiver is examined.
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Fig.2. Configuration of linear array receivers Photo. 1. Photograph of linear array
& mount (mm) receivers
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Fig.5. Block diagram of measurement
system for ultrasonic hologram.
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(1) Clock pulse

(2), (3) Controlling pulse for reed
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Fig.8. Block diagram of on-line data
acquisition system

(6) Output signal of RF pulse
synchronously detected

(7) Output signal of sample hold

(8) Trigger pulse for sampling

(f=1MHz, sampleff@ 2mm
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Bk data% Hixzdts] storest=d FiEEs B> ¥ 243085 ot
Xomm, 1{He] BEFE #Astd A/DE#H#S 159k 3 analog®] data® data recorderd
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¢ ramifii 771 9] FHZ,=150mme] 52 Eell A 4% datad Iy
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Fig.9. Object for ultrasonic holcamgr

%, ASk Bz (14'KR7 (15)Rell A o] array {3859
ﬁ\}’ﬁj, Px’Py gl Pz“:;‘ (Z)ﬁ‘o’] &o]r’}‘- '

(mm)

Sy Sy Sy S
A(mm) 0. 348 0. 348 0. 347 0.345
D(mm) 435 435 435 427
7y 1251. 5 1243 1263 1234
7, 1248.5 1248 1251 1236
7y 1251. 5 1259 1244 1247
AW 0.92 0.92 0.92 0.92
B9 0.0 —5.34 6.33 —4. 04
P, 0.016 0.016 0.016 0.016
Py 0. 0001 0. 005 0. 004 0. 0026
P, 0.00 —0. 093 0.08 —0. 0704

f,=4. 2863MHz

Zy=150mm

Table Measurement conditions of hologram data
S~ 8, illustrate data names, A, wave length, ny~n, number of waves from transmitter
to the receivers, A&B illustrate angles of linear array receivers(Fig.1), and P, P, & p.
parameters for Eq. (1) n, being the first receiver, n, the middle receiver, n; the last
receiver.

4, digital R0 &3t hologram2Z #2| B4

floppy diskell store% datal [ EHge] t}~] Fig.84 micro-computere] CPU9 YHP-2108¢]
CPU% AA mini computers] 4= o] digital @2 H/AES . o] H4EL (DR F& (ADHRY
—f#99] Fresnelif##yk-& FHste o). P BE mini-computer(YHP-2100) 2 data®] FiZ|#
#, FFEEEE, Fourier ###(FFT)™ 10, #¥fE, CRTql display %ol . ol FES]
LR ¥ 145089 .

(1) #RE0| {8t hologram22 &2 B&

Fig.89] floppy diskell store= o] ol = B HEM Kdata: (32X64)X2MH F 64X 64/f 0] 7
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°]Z1& mini computer® {&j%a] 4] Ml CRTel displayshsl Photo. 29} 33 7el= o). o] &L
&9 Si(arrayR{G&7F @RISR ehewel data)e] A-$elw, A& BEEES E#E(Photo.2)
o i ## (Photo. 3)¢] hologram®] data®- ## dataleshnie] NEFS 2 64 X642 displayst A o]
t}. Photo. 29} 39 (@)= FHUEAR: 2519 A% data(32X32ff)e 48 7o) = hologramifi 64

mmX 64mm-E 2mm X 2mm g . 2 sampling 7 & ImmX lmm MR Z%31A displayd A o]},

(a) )

Photo. 2 Holograms(each hologram : 2mm X 2min
sampling, 3232 data) for real part of
S, in the Table

(a) Hologram made by odd lines of the first

with interpolation

(a) Image made by Photo. 2(a) & Photo. 3(a)

(b) Image made by Photo. 2(b) & Photo. 3(b)

(c) Image made by Photo. 2(c) & Photo. 3(c)

Photo. 3 Holograms for imaginary part of S, are (d) Image made by Photo. 2(d) & Photo. 3(d)
equal to the cases of Photo. 2.

scanning
(b) Hologram made by even lines of the first
scanning
(© Hologgam made by odd lines of the second
scanning )
(d) Hologram made by even lines of the second
scanning
(a) (b r— —
© (D
Lirgy L Photo. 4 Reconstructed images from holograms
(c) BES . (D

Photo. 29} 391 (b)9] A& HIEZRE: xhF1e] MEF) K3 Aclrl. Photo. 29 39 (c), (d)9]

BEL H2ERK K3 & holograme]t}.

Photo. 29} 3 3 ol e diel A ¥ = 4#1°] % hologramel A #4+ 1#(32X32{H¢] data)
FFESel 4 datadl data Abol & MY data®] V2 A A 64X64(RY data® BEs T
o 59 #& parameter (A=0. 438mm Z,=150mm, P,=0.016, P,=0.0001, P.=0.00)E {#mHl A
(A3)RKell fkste] F4:stel Photo.49] £4& st (A AfES jidfgol Fet.

Photo. 59} 6-¢- Photo. 29} 3¢] (@)} (0)2H (3115829 hologram=} ()9} (d)2E (42:64)9 A%
A Btted adiAe A MEAE 2 2 FHASE BSIRES 37 ol v} %, Photo. 59 (@)
= H 1R K3 64X 32(/] HHIS holograme] iz ()= §25E%F ] 9§ Zlolc}. Photo.6-2 mig
e K&Kl FKESl. Photo.59462) (a)o] 2mmiRE (xJ51m)S Tyl s wHs A £4 64X64
9] datazsl 4 hologram$ F4:slwl Photo.7¢) (a9 #/Efge] w1v}. Photo. 78] (b)+& 21l
#3 mABel . Photo.79] (o), (d)+= (@), (O)F threshold JEFIAF £ fho] vl

Photo, 59 69 #£4&-& thA ahfo s F2E#ES #Adatak H1EAS datartold] ffiAsh= ElFY



Array®{5 2] 43 8EF ) Holograme = #9] Digital 4 (©))

(a) (b)

@ b
Photo. 5 Rearranged holograms(each hologram:
Imm X 2mm sampling, 64X 32 data) from Photo. 2
(a) Hologram made by Photo. 2(a) & W)
(b) Hologram made by Photo. 2(c) & (d

(©) (D

Photo. 7 Reconstructed images from holograms
with interpolation & threshold processing

(a) Image made by Phote.5(a) & Photo. 6(a)
Photo. 6 Rearranged holograms from Photo. 3 (b) Image made by Photo. 5(b) & Photo. 6(b)

(a) Hologram made by Photo. 3(a) & (b) (c) Image made by threshold processing (a)

(b) Hologram made by photo. 3(¢) & (d) (d) Image made by threshold prodessing (b)
BiE sl 4 datas datalcdEREe] hologramifife] Jify i = 584 5] 5. Photo. 8¢] (@), (b)S} #tc}.
Photo. 8¢ (@)= sitsigel hologramel = (0)& EH#e]  ZAclvt. | % hologram<  Jj/f:shu
Photo. 89] (c)e] pif:fgpe] =},

PUES 4% /e Jhgkst=d [0 datadisb 2 842 noisest Rifnet= 28 MR ff JLo] 7] mE o
W RIR I VEE 1 A7 4 doBE dataE WAl A datad RIS FOilAeaE, e o i
SRS S SR - 9o,

(2) EME! array Z{5%80l &3t hologram2 = %2 H4&

Fe] 5,(A=0.92%, B=~5.30°) & RSB E o] HRFIES displaydt 2 <] Photo.99] (@), (5)9] ¥
Belwt. (@7 ®W#He] holograme] 3. (6)7} i #iHe] hologramol v}, o] A& %) Tidit = (1)
Rell A Po=P,=Py=02 |4 (IHRo 2 HET Rl Photo.99] () FA:fo] o} o] & array
RAidert Aoz adE(ER DS sample MFERT yH (array®Z{i 79 FEFIF1)9)
samplefifo] Jaii=l ol yHMY HMEEE (OR)7 41 ZHEHY 2o Bmidoz4
Y2 Zifge]l #AE Aeolvh. Photo.9 (@), (b)el Mhologram-g- el 2] S,¢] parameter
(A=0. 348mm, 2o=150mm P,=0.016, P,=0.005 P,=~0. 093)5 {f g} A — L 1)k oz
##20:3 A el Photo. 99 (d)al ®4:fgo] v},

23 array RAGHE HEH o2 FRIS S;(A=0.92°, B=6. 33°)E S9F AL Wy ow g/
& 2ol Photo.99] (&), (/)9] piztgolvl. (e)7h #3ke] Fid:ih: (hi=p,=pi=0)o] 3t oA o) o
(Fo7h —ffedt FiA:k(P,=0.016, P,=0.004, P,=0.08)c°. RS Frdfge) o},

—HRAETE kel 4T -2 (Photo. 99 (d), (f) €] itk o] o] Ptk (Fig. 9F 5245 fA: e},

=2 JUIiz o
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@ © (a) © (&)

(b) O @ ®

Photo. 8 Rearranged holograms (each  Photo. 9 Holograms from tilted array receivres and its recon-
hologram : 1mmX1lmm sampling, structions by means of traditional method(TM), and new &

6464 data) from Photo. 5 & Photo. 6, general method(NGH)
and reconstructed image (a) Real part of hologram
(b) Imaginary part of hologram
(¢) Reconstructed image by means of TM using (a) & (b)

gzg gg{ggzz 211232 Ey Ilzﬁg:g.g (d) Reconstructed image by means of NGM using (a) & (b)
I g de b y . (e) Reconstructed image from TM using other holograms (S3)
(¢) Image made by (a) & (b) tilted inversely to (a) & (b)

(f) Reconstructed image from NGM using other holograms
(S,) tilted inversely to (a) & (b)

5. {E4I8H arrary2{E 80| {&k3 Fresnel zone tattern

HEh 5,=0.92°, B=—4.04°) = Eptke] FHET EMT array’ % {5232 data® WS Aol oA
& MFIBES HERIES displaydt Zle] Photo. 10¢] (@), (b)9] EEe 3 ()7} EH B hologram
ZFresnel zone patterno] = (b)7} g HEEL <] zone patternc]t}. o] & EEN A &A% Lol Bigel
BuE Ae arrayRET 2Md £3AY RET/ Hikd o4 ERIIBERY hologram(zone
patten)el = 5515 6%1¢] datasl ks 7Aselwh. A, —H{LT impulse EERXA (DKol S,
#% parameter(A=0. 345mm, z,=D=427mm, P,=0.016, P,=0.006, P,=—0. 0704)% s Al
simulationdt ¥ Z#RIES] #& hologram %, zone patterng Photo. 10 ©, @ EEox ek
b, ()7} PR zone patterno] . (d)7} MRS zone patterneirh. ol el kT
Photo. 10 (@), (b)) w#est=s ksl —3 #R7 A

2%z o] simulationd] 4 P,=P,=P,=0 &, array2f5#7} EMNsALE 4+ simulationd]
#EHEIFS hologram(zone pattern)<- Photo. 11 (@), (0) ((@)7F BEE, (O By #ixstz,
& o] HHE(A=0,,B=0)2 2 EH3 HWHERIES hologram(zone pattern)-& Photo. 119] (&), (/) [(&)
S B, (7 BB #Rstaeh. Photo. 119 (), (@)= Hle #K3F (o), (f)e] HERES
R (OO IR (d) 2 3l hologramol =, AI#f#f+ 4] zone pattern= st 9l v}
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Arraysp{E 3o 43t @E P Hologramo 2 #9 Digital H4: an
(a) (© (a © ©

) C)) &) (CY) ®

Photo. 10 Fresnel zone pattern from tilted Photo. 11 Fresnel zone pattan & amplitude hologram by means
array receivers(Table S4) and its sim- of simulaton & untilted ariay receivers(Table Sy)

ulation under the same conditions. (a) Real part of hologram from simulation
(a) Real part of hologram firom tlted (b) Imaginary part of hologram from simulation
array receivers (c) Amplitude hologram from untiled array receivers
(b) Imaginary part of hologram from  (d) Phase hologram from untiled airay receivers
tilted array receivers (e) Real part of hologram from untiled array receivers
(¢) Real part of hologram from (f) Imaginary fart of hologram from untilted array receivers
simulation
(d) Imaginary part of hologram from
simulation
6. ¥ W

array RZ{E#E AN A EEH BFHholograme] digital el A v}-g3} o] #iwmE A&+

dataf s RsS] RS D arrayRETE #MA 7o @ BHEHSY AEEE =< sampling(l]

e 3 hologram i< #i/hAv] = (%ﬁﬁﬁ%ﬁiﬁﬁ{ﬁ)@) data®i s Eol MM} HGEMEE R
kil @ on-line® ® date® YsEst= Ao] .

2. array RAi#E LAY TER @7?5}31} hologramii¢] data® & 4 9l =, AL holo-
gramﬁ'ﬁ"ﬂﬂi WHE = B HAeERS Bl 2ed mAeE U 5 dube Ag vEskd e
. —R s HAEY #HaEKe] FZEM-L Fresnel zone pattern® simulation© &

C\‘
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