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Holography as a Three-Dimensional Imaging Technique

Toshihiro KUBOTA

Department of Photographic Technology, Kyoto Institute of Technology,

Matsugasaki, Sakyo-ku, Kyoto 606
(Received June 12, 1985)

The principle and features of holography are surveyed. The conventional three-dimensional

imaging techniques are briefly reviewed in the relation of holography. The three-dimensional vision of

the medical pictures is discussed for the application of holography to medicine.
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Fundamental study of dichromography by using mon ochromatic X-ray

from synchrotron radiation — Spatial and density resolution —

K. KonisHi*!, F. TOYOFUKU*!, K. NISHIMURA*2, M. ANDO*3, K. HYODO*#,

A. MARUHASHI*4 | M. AKISADA*4, S. HASEGAWA*5 | A. SUwA*S and E. TAKENAKA*6

%1 Dept. of Dental Radiology, Faculty of Dentistry, Kyushu University
Maidashi 3—1—1, Higashi-ku, Fukuoka 812, Japan
%2 Saitama medical school +3 National laboratory for high energy physics (KEK)
4 University of Tsukuba %5 The University of Electrocommunication
%6 National Self Defence Med. College, JAPAN
(Received July 5, 1985)

Synchrotron Radiation (SR) is electromagnetic radiation that has enoumous intensity and applicable
energy by using wiggler magnet for radiology. One of useful applications of SR is a technique of digital
energy subtraction by using two monochromatic X-rays which have energies slightly above and below
the energy of K-absorption edge of an X-ray contrast medium. It is so called K-edge dichromography.

The paper presents some basic results obtained at the photon factory in national laboratory for high

Vol.2 Na3(1985) -113-



energy physics (KEK), Japan.

(1) Spatial resolution:

superior resolution than conventional X-ray even with a distance of 50 cm

between a test chart and a detector (non-screen type X-ray film), and different resolution for the

longitudinal and horizontal, the former is better.

(2) Density resolution: clearly resolved 1.4 mg/cm? in iodine wedge phantom by taking dichro-

mography.

. 3 C &

LD 7 4 ¥ 5 VBRERTO 5 R X g0
NHTLZORBIAREZ W, BRTLRWVICAL
sh T A DSA (Digital Subtraction Angio—
graphy) ® kS icfFEO ZmfmiiciER L, 55
EREICHERSEREEAT AT L@ERLEhT
W5, CZTRHEGIX\RMICLEREISLL
W% 2 T NS ED B X Hic Xk 2/,
(dichromography) " £%% 5, ¥ COF#k
ERFEOER, 3 -FRUEOKBNE (33.17
keV) Dbdhtl, FTOTRLF—OHEXE
Mlick s D% HLE, SHEOFPRTHRBIT
WTi, ZOLTEPBIFAALF-ZLHHEOODT
FaA ETH CIRE O EEAE sh b hs, EEAO3
—FITOVTIE, BAUHIT K 5 BN R E D A
HIEF v w 7LD ZOMBORENRIESDT,
M EEOGEE (EICRE) T3 -ROAHHEHS
hd. 2FH, a—FIKoVLTHRCKY, Ho
BRHIT LRIASTIREIC S 5. Ch%E K-edge
dichromography (LI#%BL T K-edge DCG)
LR S % C DB A RO IE %00 1 Bk
ETMERNICA T —FLrEANDL LD LEBOK
EVFHEICHE-> T, ERPSODOEATHIZE D
£ 57, HEDOLRROBESTHRMIEG

—=1 14—~

LNBUENEZOND,

LOFHEZERMTTH>MBEO—&ELT, K
i ( Synchrotron Radiation LI F SR £B%)
DRFHELSNS Y, THBIERICEEITIE
SNEFHEMT o aEHCE L S EERMDIA
WEERK T, BE LM TAT EtH%K D, Ba
3CBE S T 2w ¥ — B FE T O KU R I ER
MR A H B E181-0T, TORBHHELT
>fie 2@ B, EMMDHEEL X URE S EHE
ICBd 5 FIIEBRIC OV THET 5,

2. HEXRR

ERMERIC L > T25GeVICILEL - EBET%
Fig 1 ITRT & H &) v 7 &FETh 56 ME
OFEITEAL, ERMICELLSHSHBEND
SREMOLHSUE—L 74 YZNHLTHAT S,
W) v I OFREITH S — 7 (Photo.1) &
TEA0mOEE D, BHED SR FIEVEE
fAEF-AMmARZ PATHD, 2.5 Ge VOB
FTHTH v F—DENHD EBRAH20~30ke VD
XTH b, > TXBLMITRIMT BiIci3= %
VE-HECDT, E) v 7 O&DIC Wiggler
LHTAMEB /Gy b VEBAL, ETE-
LEFOHRTIRAC LICkE U 100ke VIZE T

B i e o



Fig. 1 The experimental hall of photon factory.
The path length of beam line is about
40 meters from the experiment cave to
the storage ring.
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HEWE — A THoto LOLINE— LOHH
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g & S ic Bragg OG0 o LT, O
YR &S DAEE b OBERERV 5.

L 1/b

Fig. 2 Bragg diffraction by using asymmetric
crystal.
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Detector

’ - (b)

Fig. 3 The schematic explanation of the different
resolution for the longitudinal and the
horizontal.

S5i crystal

ST

DEPREMND S, RHBLERESH2Z m
Lo icHEA AT L TEP > EHS 0 b8 Had
Tha, - T@awEBEOERARESEL, (b)
DBEDTNHRVELTFHESNL. TORRE
HE(a), BE(bITRT . B SibDTihis iRk
BRI TH D, BUBICIDFA I F+— b7
A4 (S VRIN) =25 4T) Ipo50cni L T
Wb, L LTTFAPF+—FET74VAIT3
D TD D% Photod ~, F 7-—D X Hilk
HEBTHESA~FT AN F +— ME 150cn,
Fr— b~74 ) LEEHOa TRELIZSD%E
Photo5 iZ/Rd e Z4i36 LP/nn% 5 iC A B2
DEVHRBBRBICIE-TWATL EBbrb. £
nicOEHAi Photod D HDIFI0LP/mmF THS
HAREEE D, D50l LA BEHDbD LD L
FaA EE LIV, Thb S baREEICR L TiR—
o X BRI o, EahiItBER TV S5
b b. FWEER, RIHGEBEL THRD

72 b

—-116—

B, FL—FNECLOBEBEBDE NS
HRERODBEBDDP -1

3.2 RMESRE

glicai ok ST, HEXRICKAREE
edge DCG it T, OFRERVICENLTC
EhithikB, CZTIRI-—FOBEREZHREL
T, TOKWNEHRD T F 0¥ — 33.17 keV £80
eVE, TOBBXHEEZAVWSHFICLD DCGZA
Hlzo HOEEAORHEIELH L HIT3 —H
DLEVET7 7 v+ £%&fE-T. YEF F—w
80mg/mEEEGREESVT 7 AF v 7€/ 7 —IC
YT, v A O STESBITEALT
Eft & #7. Th%EPhotob ic/Rd, thk k-7
I-FZBMEEFigditRd. ChoDEEEES

AiTt bubble
N

HE AN
vt | v
L1 i L1

NS
5.6

4.8 21.0 15.8
3.1 15.1 12.6
2.6 9.7 7.1
1.4 4.6 3.5

Iodine in mg/em?

Fig. 4 Phantom of iodine wedge. The values are
the densities of iodine in mg/cm?.
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Photo. 1 The cave for experiments. Photo. 2 Set-up of asymmetrical silicon crystal.

(a) Horizontal (b) Longitudinal

Photo. 3 Spatial resolution for monochromatic X-rays from SR. Chart-film distance: 50 cm

Photo. 4 The resolution for monochromatic X- Photo. 5 The resolution for conventional 60
rays from SR. kVp X-rays.
Chart-film distance: 3 cm Chart-film distance: 50 cm
Chart-focus distance: 150 cm
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Photo.6 Phantom of iodine wedge. Photo. 7 Radiogram of iodine wedge in 2 cm
water bath by conventional 60 kVp
X-rays.

(a) Above K-edge: 33.17 keV +80 eV (b) Below K-edge: 33.17 keV-80¢eV

Photo. 8 Radiograms of iodine wedge phantom with bone by monochromatic X-rays from SR.

g

LN

s o Ak

Photo. 9 Dichromography: The subtraction image [Photo. 8 (a) minus
Photo. 8 (b)]. The density of iodine: 1.4 mg/cm? (The lower
part of left wedge) can be clearly resolved.
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Image Distortion and Point Response of the Ultrasonic Echogram

Shin HASEGAWA, Hirotaka MARUYAMA and Koji SAKURADA

Department of Electronic Engineering, University of Electro-communications

1-5-1, Chofugaoka, Chofu-city, Tokyo 182
(Received July 8, 1985)

Point response and image distortion of ultrasonic diagnostic system are investigated. The

echogram for a thin wire target is shaped like a letter T. The horizontal or transversal bar is originated

from directivity of the ultrasonic beam, and the vertical or axial bar multireflection effect in the target.

If the targets are in the second medium, ultrasonic beam will be deflected at the boundary of the first

and the second media. Snell’s law of optics can be applied to calculate the displacement of the image

of the targets. Experiments and calculations show fairly good agreement.
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Fig. 1 Ultrasonic imaging system and
experimental arrangement.
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Fig. 3 Echogram for Al rod. (a) without
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Fig. 4 Experimental arrangement to keep out
sidelobe.
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Experimental arrangement. Points show
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Vol.2 No3(1985)

WS RITE A (WEmICEE AR OE—
LDENDEHFTVEY, F1bBFie 1 TH
hhLEEREVES, BEESRETAMEICK
> TZEHAMNES B0, HABERTRS -
7oy bOTHICEBHU S EHERML TS, L
L, ZeDBEORSEEZLBOZTOMBEREH
~EEERMDEGICBEAEED LT E
D, BITEHEOE—AEADBEERICES
TEBEEINVESAS, (—RICHENS
WEEE D7 o — 713 BT X HROFERELSEC,
ABEOBAEE - ERBLZ3°LENB)

PS lifg T FOAH~NDILEHEO D, X605 b
51 20BHEIRY -4 PABOEERNTH S,
EhRERSHBNNE , BBh ORHEHDH
ZEEASVIIKICHEERBSART 2158, Mk
o i & EHORTCE BRI RS h 5 A EtED
H5, COEBE, Fig.bltRd ki, OB
FTRREEROESICIE MR TRIERDEL
ERENBT LIS,

Fig.T(a)t, Wrfids 1 B10mDIEHETHET
w3 =9 a0fEEKDICEC S OWREET
$5, Ti=vrhOEENELZ 6,500m s
kD 45 THAHT EHOBEHSHIEATHE
MEOES M 2mE LTRRENSILY, A
B oA ERMICHET 520RELY. (X
5, HHRIcBVT, HEHOE#EESVTHEY
HicENTWARIE 7 o — 7 ERBKROHOZE
TS o)

22T, Fig. M@0t H&IcEWTRIEPRO
EB/BOZEEFELHALETAH, Fie.8DED
ic = 3 —DHWEBRORIRHT~T3us & —EL
TVWBETEND, WONICEERHTHHT LN

-128-



bbb, TCTIpsiCHYTETLIHDOER
ZAFETHEM6700m s & ZYEEHESN
TWBZ Ebibh 3,

IC9m@ ¥ ) 30— v aEAERKDICEN T8
DOWfEE%E=Fig. 1b
YLD LEAEEERPE->TWAIZ0T, £EK

WCird, TOBE, ¥Y)a—

HicksBBEBONTOEY, Thid, ¥YYa-—

T iR D Ik
FLRERMNSVIEHEEZLS
MEBOR(E L BE&DOHN
BicitbFhudBoBERFIC L 2E0HESIN
fzo

Vits, PS @iITEH
hizxsLTeR
DD NI,
13 EBERIBH

IEDESRNSY —4 o b OKBERLTFERE

5EAEIZ22HD, EA~NDLEHBDIREFF VR
72 —HOFWHFERF € v+ & LT, F
HDFRs =4 rRHOZERFHTHL
Fig.-Nchi lmm@ DR 7 v L ZEITHd 5 Wi/EE
ThsH, 2msd D (Fie.2) KHLUEMED
Dz (6 Uk o NS S OFr BEFFI A 1,72 £155
eWT, §=4» PEENSSLICBRRTRZE
KGHIMETE, PSRIEIMBOHICTELEEL

VIAMTINIRRF VLRI, B
HEBKE{,

TL%O S j'_{ﬁ%%

BBDTH~DIED

NTOZERPHBHFHETHS T

% g
4 E—-LEHCERDOE
EE PG DR 5 W EOEAE R 58,

EIC BT S A R v (Snell) @EEHNITHE -» T
¢7c>mmbn1m4% z hiCit - TS

=124

ATRLTEREBAEL, b
AEICEE - oo EFhD s — 4w b DOLLE
K2V TEREERAETE -1,

EFNMICONTEHE

TRANSDUCER ] OUTPUT IMAGE

(C;)

7 ias TTTiImanmrTT"=- o e 1

/IR I
2

-3

MULTIREFLECTION 4

PROCESS

Fig. 6 Echosignal caused by multireflection
process in target.
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Fig. 7 Echogram for targets in water. (a) Al rod
(10x 10 mm?), (b) silicone rod (9 mmg),
(c) stainless wire (1 mma).

Fig. 8 Echo signal for the Al rod. (cross section
10x10 mm?).
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Fig. 12 Ultrasonic image for the cylindrical

phantom made of silicone and steel wire.
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A Fundamental Study on Fan-Beam Geometry for Ultrasonic Computed Tomography

Shigehiro FUKUSHIMA and Mikio FUIIWARA

Department of Electrical Engineering, Kyoto Institute of Technology,
Matsugasaki, Sakyo, Kyoto 606
(Received July 2, 1985)

Although ultrasonic transmission computed tomography has been extensively discussed in the
literature, only parallel-beam geometry has been considered. With this geometry, reconstruction accu-
racy is limited by the tradeoff between refraction loss and phase cancellation. The new topic of this
paper is tomographic imaging with fan-beam geometry. By adopting fan-beam geometry, we can
expect not only reduction of measurement time but also (1) no refraction loss, (2) reduction of phase
cancellation, and (3) ease of designing the ultrasonic transducers.

In this paper, the reconstruction quality is discussed under an approximation of geometrical
optics. Projection formation was simulated by a digital computer and tomographic images were recon-
structed from the simulated projections. Only objects with faster acoustic velocity than the surrounding
medium were considered. For these objects, the acoustic beam diverges and the projections broaden.
This causes enlargement of area of the reconstructed objects. Acoustic velocity images have their edges
blurred, while attenuation images have relatively clear edges. Compensation of refraction is possible
for attenuation images by an algebraic reconstruction technique by referring to a reconstructed velocity
image. It was also found that reflection loss appears as large values of the attenuation coefficient if
there is a large difference of acoustic impedance between the object and the surrounding medium.

medium.
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Fig. 1 The measurement system.
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v=1.10 v=1.20

Fig. 4 The reconstructed velocity images of a

single cylinder. vo=1.0.
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(b)

Fig. 7 The reconstructed velocity images of a
double cylinder. vq=1.0. v=1.02 for the
larger cylinder.

(a) »=1.03 for the smaller cylinder.
(b) v=1.08 for the smaller cylinder.
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Table 1 The size of the reconstructed attenuation
image of a cylinder.

acoustic velocity radius of the reconstructed image

no correction path correction

1.01 1.0 10.0
1.05 12.0 10.5
1.10 13.5 1.0

radius of the cylinder = 10.0
acoustic velocity in the external medium = 1.00
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Image Partition Based on Fuzzy Relation
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This paper is concerned with a method of partitioning a piece of image into some subimages with

the same statistical properties. To begin with, assuming the image to be a realization from Markov ran-

dom field, and using the definition of two-dimensional discrete Markovian field by J. W. Woods, we

introduced the probability density function describing the subimages. And employing the Kullback’s

divergence measuring the distance between these subimages and transforming above distance, we de-

rived the measure of similarity to all pair of subimages. Measure of similarity derived above, however,

does not satisfy the equivalence relation, especially, transitive properties. Therefore we established the

equivalence relation by carrying out the composition of a fuzzy relation. Thus we can apply this rela-

tion to the partition of image. An example is presented for the illustration of this method.
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We applied two restoration systems to noise degraded images; one is the spectral subtraction

image restoration (SSIR) system and the other is our modified version. In some restoration system

such as Wiener filtering, it is necessary to estimate true image power spectrum. However, these systems

are unnecessary to estimate it.

In this paper, it is shown by some examples how noise degraded images are improved by the

change of parameters. At the suitable parameter selected, the results show that these methods give

similar improvement comparing with Wiener filtering technique in root-mean-square error.
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Fig. 3 Images of Fig. 2 degraded by additive
white Gaussian noise. (Variance of
noise = 300.0)
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Parameter o
Fig. 4 Root-mean-square error between the
original image and restored images.

Fig. 5 Iméges restred from the image in Fig. 3
(A) by SSIR method ($=%): (i) degraded
image (ii) ®=0.5 (iii)) ®=1.5 (iv) ©=5.0.

Fig. 6 Images restored from the image in Fig. 3
(A) by SSIR method ($=1): (i) degraded
image (ii) ®=0.5 (iii) @=1.0 (iv) &=5.0.
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Spatial frequency (xm/[256)

Fig. 7 Power spectra of restored images (B=%).

e Fig. 10 Image restored from the image in Fig. 3
(B) by SSIR method =% @=1.5.

Degraded image
a=0.5,1.0,5.0

Power spectral value

18 Original image

e T 152 e Fig. 11 Image restored from the image in Fig. 3

Spatial frequency (xm/256) (B) by SSIR method =1 @=1.0.
Fig. 8 Power spectra of restored images (f=1).
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