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Abstract

Thiz paper describes the computer tomography using digital image technigque under natural light to
analyse two-phase flow. BRecert progress in the digtad image processing support to develop the
present  tomography in a low  cost and  with high  resolution.  Since complex two-phase  strochare
fieeds  three dimensional understanding  of the interfacial  deformation and  spatial distribution,  the
tom ography with  high resolution in low cost is developed using the CC camera

For tback grojection for the cross sectional image, Radoh transformation iz coded with
appropriate filter algorithem. The test results  for the warious flow regime, the present algorithm
successfully reconstructs  cross sectionad image as detall as representing ripples at the two-phase
interface.

It was found that the present work is applicakle to the air-water or  air-steam  two-phase

flow and that it cowld be directly extend for the newtron tomograpls.
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1. Imtroduction

The complex inferface stucture in two-phase flow has been studied intenswvely due to its
impottatice i the safety analysiz of the nudear power plant for the lagt  decades.  Although one

dith ensional  analysis by the area  averaging predicts successfully system  dynamics during hypothetical



accident, the uncertainties lies in the twophase modelling impose penalty to operation range and
conservatism in design. Furthermore, in such a sitoation like UPIL the theee dimensional behador is very
complex  in analyzing and  moeaswing the phenomena The tecessity of three dimensional recogrition of
two-phase flow is increasing fast One of possible techmigque is  tomograpley if its  response is  fast
encagh to real time application and if it works in the safe envarorment without giving operator radiation
exposure.  Recently, electromagnetic tomograplyy is issued and  studied intensively due to itz pattial
fulfillm erd  for the abowe requirements.  Also, as an another possibility, natwrsl ray computer
tom ographyr cowld play a role at least for the steam-water or  adr-water system where natural light  cosld
petietrate through the windows to the system.

&g listed in the table 1, the natwral ray tomography could reproduce image in a quite accouwrate way

under 196 error. This remarkable  accwracy is  achdeved  ondy when it has  a proper back projection

al gorithim .
Tabk 1 Gonparisor of ke varons lomogrply  §er1sors.
Frinciples ACCHTICY Techiohogy  relied loie
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Howewer, the litle poor acourate tomography, electric tomograplyr, spreads wide in process industey
nowradays  as listed in Table 2. The major merits of the electtic tomography iz safe etveirorsn et and
low cost. Bt if the natural ray tomography presented in this  paper iz superior to the electric
tom ography in both factors. Becaugse the natwral ray has no hedth hazard effect and the CO camera and
related equipments ate easy to puwrchase in a relatively low price.

The presert work is made to implement the tomography  technigque using nabual ray. To do
this, a total system for the tomography cowd be  established in both hardware and  software.  Also,
we could see its feasibility for  the two-phase analysis After succeeding in implementation,  there iz fo

difficudty i applying it to the radiation ray such as newron or Z-ray also.



Tabke 2. The dilgation of ekclric fonogrply i e process ergireering
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(1995
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o pacitance digmeler), eepermerial g will 0150 0 Hahw (1995
dianeler for ke 045 bebbke image
Tricked Bed i-my packing Horphology [ 0.6m it digneer) Toye e al (1995
cd pacildnce bigh speed fliid pree @12 o ir diameler Reiteck
(1995
Hydmeychies fesklarce DEfribrtion and  dersily i e Indisiril William el al(1995)
-1y separior 200 | HilerkLin (1995
Colloidal fesklance Tie sedimerladionr of dbe debris it 1le 1rbe William [19935)
515 Pe1§iol nagielic of 1anm dianeier Gibbs [1995)
LT R T
Ervimimerial Resklance kakage deleclion iv 1he Niclear Wasier Ramirez [1995)
lame scdke Daiy (1995)
Hier Seisniz cmss lok image Elbring (1995
fesElance niliphie inage

2. Instrumentation for the natural light tomography

The equiptnerts for the Momral light tomography are prepared in easy  because they are all for the
multimedia application. Recent popular usage of multimedia computer provides really a good

envvirortent for this  techrdegque. Dlary  cheap  and  reliable  image processing boards are exhibited
in the market. CC camera or cam coder iz easy to prepare. In this study, to demonstrate itz full
awtomation for the process cortrol, a full set from image sensor to the computer data  storage is

prepared.

Digital Image Tomography Method
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Figl. The conceptual drawing for the instrumentation of normal light CT



&g an image  sensor, both  camcoder of 30NV, and CC camera of Hitron system  are tested
For develop the tomography sensor, asmall COC camera is better than the camcoder. As shown in
Figl., the srachwe of the ithage sensor mowting and the connection  to the  persotal computer are
presented.  The x-y aligument of the CC camera 15 tred here.  Also, the image capture board
which transforms  the analogy signal into the digital form. Any board for the TV tuner for the
personad  compaer could be usable.  In this study, PC Wision Pro of Kasan Electrondes( Korea
compatry] 18 used because of its cheap and high resolution] (1024%768). As shown in Figd

Fig 2. the digital #nage captured from a TV program

3. Digital Tmage processing
For the preprocessing of the captwred image,  digital image  processing techrdcues such as the
guatitization and cottrast equalizetion is  necessary.  The image iz teconstructed by Fadon transform

In this sectiory, those processing teclmicues are described.

31 256 color quantization

The image file iz treated under the frame of ktmap with 256 color for reduction of computing
effort. At first, the mage of true color with 16,700,000 color showld ke guartized to the 234
colors wsing uniform  guantization. OF  course, best selection through  sensitivity stady i necessary
attong the uniform, adaptive color compression, popuarity, median cut, ete
3.2 image processing

The coexistence of bright part and dark part in a bubble produces hig  contrast skewness so
that the contrast ecualization could be made. Histogram  analysis is used  here to re allocation
of contrast.
3.3 Radon forward Transformation
The corfrast in an image from light source depends on the scattering rate in the  exponential

reducing according to the effective length by the scattering tacks of incident ray:



I= Rexp| — [ fx ) dul (1)
where I is the intensity of the incidert ray, L is the path of the ray u iz the distance along

L. we cold define the following term

g
g‘=1n(f}) &)
The linear projection codd be made by inserting Egu1) to Eq2)
g=g(58)= Lﬁx,y)du —aodglon, (=f=<x (3

where (g, &) represents the coordinate of light ray relative to the object. The image reconstruction

problem  is to determine M x4 from 205, 8. In the coylindiical coordinate Eq3) could be

represented as
gis.6)= Rf= [ [ fx.s)trcos 6+ psind— dandy, —oo(s<h, 0=8(x (9

where g5, &) iz the one dimensional projection of fx, v at an ande F .
The followitng mapping  relations are uvseful for this transformation.
§=xcosf+ ysind (5
te=— xsin 8+ voos B (6
Then Eqid) can be expressed

£i5,8) = f_mﬁs cosf— 2 5B, 5 s+ u cosb)du, (7)

Since the coordinae transformation between  the cartesian  coordinate and the polar coordinate is
x=reosd, »=vsind . (£
EgqiZ) could be represented in a simple form  from the above relations:

= reos(8—0) . (.9
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Fig. 3 The image transformation with the cylindrical coordinate



So afixed pont (¢, & could represent the locus of all the points in (5,50

34 Back projection of the Radon Transformation

Zossociated with Fadon transformation is the back projectionn operator B, which is defined as
Bx )= Bg= £Hg(xms A4+ waind, HHds (1m
In polar coordinates it can be written as
B(x, 3) = B(r, @) = Kg(mosw— ), 8)ds (1)

Back projection represents the acoumulation of the raysums of all the rays that pass theough the

point (x5 or (#, @) For example if there are only two point sowces in case of PET)

£05,8) = g1 (8)3( 86— 8)) + (5 88— 83) (1)
that is, if there are only two projection
Byl v, @) = g1(51) + g3l 52) (13

whete 5 = reos(f1— &), 5= reos (82— $H0ITH
It can be shown that the back-projected Radon transformation is
f(x,¥)= Bg= BRfx,») (14)

where operator B iz adjoirt to B rather than itrerse of B

R=pr* (15)
The cohject fix,7) can be restored from §* by a twodmensional (inverss) filter whose frequency
tesponse is

2

4=V i+ 8 (16)

that is
-1

flx, )= Fy |8F,[ B ] (17)

where F1 denotes the two-dimensional Fowier transformation operator.  This filtering operations

cann he inplemented approwimately wia FFT. Howewver the urbouwndness of Bg prevert us  from
ditely using FFT. The practical implementation could be made in the following form:

e [ (58]
for 2 = (E%TZ)L f—m XG0S Eaiysinﬂ— s Bl (12

itn  the polar  coordinate:

o[22 (58]
1 3
ﬁ:"’m}=(zx")L . rcﬁa(g_w}_sfﬁéﬂ (19)




The inwerse Fadon Transformation is obtained in two steps’  First, each projecion gfg, &) is
filtered by a one-dimensional filter whose frequency response is |8, The resulted gz function is
back projected by the back projection opetrator.  To produce better image,  the convolulion  back
projection method adopts the differentiation and Hilbert transformation in stead of one-dimensional

filter.

Defining  derivative operator as

__gad
Ad= _EI'S (20
From the definitionn of the Hilhert Transform:.
_1 T el
Ho=— [ Uiy (2t

The fital back projectionn could be made uvsing the Hilbert  transformation
fx,%) = 5 BHAe @)

&ls0, Filter back projection method replace it with  the sequential operations of fourier

transform ation,  filter, inverse fourier transformation

fix, »)= EHg (23)
whete

¢ =Hg= [ |8G(z 6)e ¥ s (24

g' = FU Al Fiel (25)

f(x, vy= BF17'[|4F ] (26)

4. Results and Discussions

Inn this stage, we need the father dewvelopment of the transformoation of the x-y alignment to the
cylindrical  cetter fooused signal mapping. Therefore, the experimental data from the presert facility
cold not be  directly  applicable  to the developed FRadon Projection.  Therefore,  the CT itmage
geterated  artificially to generates  the ray intensity swmerically by caleulating the ray intensity
along the straight line crossing the center points. Using these walues the present FRadon agorithm
iz evaluated whether it cowld back project its  orignal CT  image o not. For the tro-phase
flow analysis, three represertative flow  regimes ate chosen as the bubbly  flow with bubbles of

different size and antisymmetric distibution, the stratified flow, and andar  flow.



4.1 Bubbly flow with different huhble size and irregular position

The tomography image of the irregular distribigion of the small bubbles 15 hardly  producible using
nottnal  optimization techedoue.  Figare 4 shows the results of the transformation, the first figee is
the original CT image to be  evaluated which  generates the rmerical ray intensity  on the
sutface of the objects. The second figure shows the results after radon transformation  using the
prodoced signal (o measwed). [t is in vague with kgh  background noise.  The third figure shows
the back projection of the second figore. Comparing to the original figore, the first one, the outer
tube  could not he recogrizable.  Also, it is wvery difficudt to  identifyy three bubbles boundary
Howewer, in the last figare, the tlree bubbles boundary and  the owter tube  images are identified
well when filter, forth figuwe, iz applied.  The filtered radon transfortmation iz shown in fifth
fimwe. From thiz results the Radon transformation could be usable for the accurate analysis of

the two-phase flow with  proper filter
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Figd The back projection results of the tomography immage wsing Radon Transformation

4.2 The stratified flow

For the wawy stratified flow, the present radon transformoation is ewvaluated as shown in the Figlh,
The the presentation order of thownbnsil figwres in the Figure iz the same as the Figd, In this caze,
as expected, ditect application of the Fadon transformation cosld not generate identifiable  imoage.
The application of filter to the projectiorn, shows the small ripple on the  suface of the stratified

flowr as showrty i the last  thuambnail.
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Figh. The tomograplyy image of the stratified flow processed by the Radon Transformation

4.3 The anmular flow

Thin film idertificaion iz gquite difficult to identifiy in the normal  back projection  because, it

iz difficult in  identify compare with the mist flow.
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Figi. The tomogaphy image of the armrolar flow processed by the Radon Transformation
In terms of  signal the signal is  ouite similar to each other. As shown in Figo 6, the thumbrsdls
shows the results also.  The filtered Radon transformation  generates wery  acourate image even

representing the swface ripples as expected

5. conclusions
In the presert paper, a normal light ray computer tomograply using the  digtal image processing

teckmicue iz proposed. This techmigque provides no harmfu  enviroroment and is relatively cheap and



easy to prepare.  Also,  the key technigque for the back projection to get the CT image iz developed
weing the Radon transformation with a filker,  The CT images for bubbly flow, stratified flow and
attnlar flow show the  developed algorithun iz applicable to the two-phase flow  analysis. The

rethained issue to be resolved iz how to moap the x-v orented ray intensity to the corical ray
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