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Reconstruction of Solid-Air Two Phase Flow CT Images
Using Sampled Pattern Matching Method
Masahiro Take1, Hui L1, Mitsuaki Ocwi, Yoshifuru Sarro and Kiyoshi Horm
ABSTRACT

A new reconstruction method, which is called sampled pattern matching (SPM) method,
has been applied to an ill-posed inverse problem of a capacitance-computed tomography for
solid air two-phase flow. In pseudo two-phase flow images, the correlation of the recon-
structed images by SPM is higher than those by a conventional Newton-Raphson iterative
method by 32.5%. Moreover, in solid air two-phase flow images, the deviation between the
particles void ratio by experimental capacitance and that by the reconstruction methods is cal-
culated. As a result, the void ratio deviation of SPM reconstructed image is lower than that of
NR method by 56.7%. Also, the time-mean correlation between the experimental capacitance
and the capacitances from the reconstruction method is calculated. As a result, SPM method
improves the correlation by 23.6% as compared with NR method. The accurate reconstruction
of SPM results from an inner product calculation between the experimental capacitance and
the capacitance from the reconstructed images as an evaluation function.

Keywords . Computed tomography, Solid-air two-phase flow, Image reconstruction, Sampled
pattern matching method, Il posed inverse problem

Thb. LrLads, COWEFY/SVY Y Anoik
R 2RO B RHEIL, BoO—FHEFHEIhTwz

T # WAEYEMEY TH Y, SRR FERPAWE L

[l

AR, B PIRAHGE O BN IRE % JER IR il T 4
It 2FEL LT av¥a—F4 v K- EFS

74— (CD #Y %, ELHWORBEICh>TET.

B AR OGS E TI, HEWRETH L F v 8 5 >
2 CT s s h?, RBIBNOGLEHKY 2/ 7%
BOTHALY, ZRERCBIZVTNIAL L LT TS
FOTHALY PR TEBOMN ® 7 Ll Sh7 o
DOF xRNV A CT I, ZHOBEMISLRDLE YV %
BEAVRICEE L, S#EBEOFY /ST 7 2 2% 10 ms
TR DRI CHE L, WL X 0 5 I I
FEENM, Thbb, KTEAAOMiz kD50

*ORRZAT 2002422 327 H
ERE HAKRS: I (T 101-8308  HULLHBT-ALH XAl
H BT & 1-8-14)
&R BEBRY T2
[N I
ZH HEAGXFRY JLEFH

BHEZENTE RV, EREITIOF Y8V 5 YA CT
WCHW STV B ANEY) SR E O3, LBP (Linear
back projection) {ERRH/N /N AT EOWR S H O
7277, B X 1Y, NR (Newton — Raphson) #:7: & D {5
BTSN TS Y, S 5ITRIETI:, NR
%% 1172 MOR (Model-based reconstruction) # % %
ART (Algebraic reconstruction technique) #:'0 7 &%
FIFE S N7z, LBP IS HETY 7V % A A WRERIC
HLTW2H00, FHEREEIEF AR E 25K
MhB o7z, Fz, NREEFTZA AMEE NAIICEOE L
W RSO DIEFITELS, FEEHLTLESD
L) RESFAEL Y, Lo T, ABIMRST
A=y Oi%kExR L THIEMRFERSMEELH S
N, TOFY NI VA CT DY AT L HRENITHIG L
72 X ) EOESWABEYL REOLES RO SN TS,
COXI)BRVITBNT, FHEOVE DI, ANAWHRS
T A=Y DRENALELRT TV ENRY =2 - <y F



R B,

W

HE, R

W, e ki, IRIE 2

VBRI EL, RN ER SIS T S AN EY)
WIS L2, TNy =y sy Ty
BE, B AT ALRBRAOBHTH B ARSI PV E,
FAEEA P SER SN BIIRZ b BRD 72 ATIN
7 MV OWNEEE 217V, TOMEAT 1.0 IR D % (D
Wt EOWMNIRT PVEBRETHLEDOTHY, K
BOEOELNIHBIRT "VOEF ISy —2 (T
Xy —2) 2%, BEAICH B ATINRT FIVOREFE Y —
VIR % T 5L V) RELFEND 5.
AWF7EE, v IV Ry -2 - <y F T (SPM)
B, B HTEF v SY 7 v 2 CT OAEY) %R EO
fRE T 5 720 OFEREIFZEE LT, HBEEEES X
USREENE HH%E T3 2K 75040 CT mifg L % v
T, SPM L&k Zbi L, SPM #Eof %M
W2 EZHMELTNVS,

2. XvNOECACT Y

Fig. 1 (A) (B) @3AWMZETHV2F ¥ /8 % » 2 CT
LU OMBERTH D, FHAFRICRE L2t oW
Hid 12 HoOMEBBS SRSV P 2oyl
BRI T T oH e ), KEBBEOF Y /IV 5 VA
ZMET S, LT L MHES HOX v 8Ty A
Cij &, Ay ADBEAILY,

c.::_gg §e@VVr)-dr (1)

1,7
c rgl‘]-

THY, riZBEBIHNOMBEXZ MV r=(y), @)
TEEWOEALE r 2B 5 FEER, e TEEHEE,
Vo \3FEEERM ¢ OFINERE, V)3 i B EEEHTDH S
L EOFBINANE r ORT ¥ ¥ v, IEIEHEEMK
LRI ER j M OBRIBORAHEETH L. Zoh1)
ZBWT, go & VIIEEM, G 3MlElTHMTHY,
er) &L Vir) ZRMTHLH., 22T, MEriiBirs
KU L e (r) EAMUEBRTHLZ L, BXU, KT
WCHELEBMNE, BT (Y T1ET 1) FEAE
LT, I OFEBIZOWTHRIEH A L ESEEMTH S
CrERRETE, XD el Z2EPMITKRDL L
MNTEDL, BARWICIE, r=ro DRITHTFIEEL,
O 2R D ANPFHET D L &,

V- [e(r)VVi(r)]=0 (2)

DT T I AR EEBHTHNTRET S, 20 XD
(2) % FEM 2 & D EEBIE LBERSMC XY Vi(r) D534
2R, TNEN(IRALT r=ryORIHTHAFE
THLEEDF xRNV H VR G KD, EHIZDMHND

. _ Ceir
Sh. — (1)6‘111(?11
1,] particle air
ﬁ Ci,/' - Ci,/'

o<l )2

(3)

XD, r=ro CHTHGEETHLEDE Y VT4 ¥
FAME S ERKDB., 2T G L G, EH
ETRNCREADCEATLLEDF v Ny s v AL, Fi
EIXRTHTIPEHTLLEDF YNV Y VA THS.
BB EBIIERE I 2 1 €7 LV olifolt % %
L, D3, N, N, % Fig. 2 (SR L7280, « il
Ly MoOZRMMEETH L, Oy T4 ET 1 fli%
KRN BT 2T X TORERUE r 120V TRD B L,
R, RMOKTHOEE, Clx S/ 2EAL LR
e (r) OMIEHAT,
(Nx,Ny)

Cij= 2 Sigr) (4)

r=(1,1)
L, g5k @),
C-S.E (5)

DIFHRTEBITE S, 22T, CIEMESNF v /8
VEVAFIRZ MV, S, ZFEDEYITF AT A HE
<y TE Ly Iy T4 T4~y 715, E3RD D
FEBSAGTINRZ MV TH D, 12HOEME A2 LE
TR DALA G HEIL 66 Y THSH DT, C I 66 DL
FhEbO. N,=N,=32 &L, HEHHrmiz 1024 €27 v
DZEERMEETEBT 5 L, E 131024 HOEHEZ L.
LY T AT ANy TITH] S, 1366 x 1024 175 L7 %,
ZD S, HEHRIL, BHMOMEE, BMES, BEHES
ED CT fE&IC L > THRLR S, Fig. 31, AW%ETH

Sensor

4
°
: °
e
%

Pipeli
s ipeline
Flow direction

(A) Front section view

Particle

(B) Cross section view

Fig. 1 Overview of capacitance tomography.

Pipe jnner wall

Tl ~N,=32 Pixel

1Pixel=1.56mm

X
N,=32 Pixel

Fig. 2 Space resolution.

72 —



T TNVENRY =2 ey F U EIC X B RER M CT %o %

Sensitivity [-]

20 5
Pixel [-] :
. Pixel [-]
© 14 \ ixel
X

S n
Sensitivity [-]

D) 1-5 [E) 1-6 F) 17

Fig. 3 Sensitivity map matrices.
(Standard electrode 1 - Reference electrode from 2 to 7)

W CT YYDty y5 4 ¥F 4 <y T155 S, I2BlF
514TE2S 647TH I T%, 32 x 32 EHE0fFH & LT,
Q)25 FIZ3KILERLIZDDOTHA. NOBITBW
T, W C LB S, 2 DR E %KD B WG FFHER
WARZ, RBE Y LR 0% L E OIFEO— 5D
M SN WAEYHEE 2 5.

3. YOTIWERNEG—2 3y F Tk

3.1 Yo FIWKNE—2 « 2y F 2 JEOEH

B TFINVENRy =Y v F U7 (SPM) i, /v
22X B Y AT A HRBRAOIEHLE X OFHIBIEIC L %
RvF Y TOFGIE VD 2 ODKRE LR R o 7o E
BT, NBRIZTZ A v 2RETLHI ERL, Wig
EHERTE S, KOG XD, Fx 825 2475 C 13,
S, D i HHOHATH S,; L E D i FHOEHRE; L%
wT,

C=8,E=3 (S, E) (6)
i=1
LEREND, T, m TLRHEE m=1024 Th 5.
X6)F CLES; D/ NVAIZXYIEHILT S L,
c »(S. E "
C=—= Il Sei’Ei' :Se’E' 7
d Z(S C/seiJ ZS/E)=SE
THY, 2T, ||/ vrzHosbL, 7944 [']
EZFDO VNI BIEHILED LT, BIZIE, C D/

C|=\C2+C2++C, (8)

THhhb, 22T, n ZEBFOMAEDERMTHY, n
=66 Th5h.

SPM D b 9 O L DO T d 5 iFliE K FIEP) 13,
k B EH O TR ETE E'® 2 5Rko7-% v 805 v 2
c®r, EErLEBONEFY Y LA CO Lo
fei 5,

FED)=COCc® 10 (9)

THY, FIEP) BBY L LoDV E X, Tab
Ly IN X7 L CP REERMEOF ¥ 82 5 VR
CO LpFfic o2 20 E® % SPM B0 & 5 5.
3.2. iEfR & FRMRIE

KD LY, EBRCHBONEF YV 2 COhs
o LBP 2B 2 9fiigs E© L35 &, 2hig,

E©.8 'TcO (10)
s, 22T, STk S, oEESITHY, S8,
HHAATHNCIE R S 2w, EQeufis 5. X
100D EQ %X(7) ® E \ARA LT/ VATIERILL 72
c® iz,

. S,'E'©®
cO_ ‘Se'E'(O)‘

(11)

Lhib, QL P oxvy sy 2#E ACD i,
CV=CO_cW=g§, AED (12)

THY, LedsT, FERGHAEE AED 13,
E®V=8,TAC® (13)

Lhn, A0 25RA3) LY, 41 HoKRER E'D
i,

Ev(l):El(O)+ El(l):El(O) +Se'T ACu(l)

— Eu(O) +S 1T Cv(O)_ Se'E’(O) (14)
e ‘Seva(O)‘

Lin, Lo, kIHOKERE® & (k-1)HH
oRER E®-D L oRIL,

Ev(k)zEl(k—l) +SerT ACl(k—l)

_p*,g 1| oo S B (15)
e ‘ Se' Ev(k-l)‘
L5,
RO ERAD) LY, 1205 AEP®) 251 &,
+ p(k-1)
1-f(E®)=1-c© S B (16)

b, 2512, Q%2R 16) WA B LK (16)
i3,

S |E|(k-l)

1(0) _(0) (1(0)
c cc ‘S |E|(k-l)‘

-0 (17)

L% b, 22T, OFETHITHSE. /IVATIEHLS
hcwazole cOcP-10chzroc, XA



R B%, F i, B

e, ik R, WIE G2

S, E'(k 1>

s, (18 WAL, K (15) opEmo AC* D &
AUTHY, ZoERGEHERY FEP) »EEnT
W5 EDDRND

cO_ (18)

4., >Ialb—ar

BRI T O KL 20 Af & BB ICAE L, LBP i, NR
EB LU SPM HE W THlif& 2 PR L, < OMRAHR
ZEHAE L CRERE ORI O W THRE 4. NR 0
FECY RS

E*® = gpx-1) | A *(k-D)

=8,"C¥+4(1,-8,"S, |E**V (19)
THhh, 22T,
)
E *(k) _ E(k) - Emin
(k) (k)
Emax - Emin (20)

AE *®) = g +(k-1) _ prx(k-1)

THhb, [*) BEHLZRL, BROKEICLY, EP
DIKE 7 e MlETH 2 E® LEANE 7 RIUETH
E® ., b2 AT E® 2 FHILT 5. Shon¥ sl
flilZ, AT O NI BB A E2Rd. X
A9 IZBNT, gidF7r A “fix/Rd. NRiEE SPM &0
BRI H612 1,000 [ & L7=. Fig. 4(1) 1333 21—
Vg Y THOWBENRTH Y, K125 @) FulIhiEd
LY, O)ERICMNET 2546, BLU(0)4#L Ty
LA ERY. —BRNICER RO 745 E, Ih
LOZDDIARNY — U HPRIELIZDDEEZLNLD
T, AR TIIINS DAY — O &% Bk T4
L LTY FiFs, 74 I, BT5% ) duliIc i
T 254013 0.0001, (b) F5EEICAIE S 235413 0.00144,
©) LTV AHA120.00195 L, 2o A /fliok X,

ﬁ@ﬁﬁ‘bwTAEﬁWWMWT%é_&%%%LL

LBP #, NR#, X0 SPM & CTHARK L 7215 %
Fig. 4(2)~(4) 18T, (@), (b)BLTF(©OFTRTOY
FIZOWVT, SPM EEASTEIIE & SEPERICHR b EfEIR L
TWHZENDbNDL. —BlL LT () DRI HHILO
P2 T, SPM k12 B % AFAITBI B R IR 1
Fig. 5 (R L75lY Th b, FHIEIBOMANIE 10 TH
h, ¢® e cOrpizirriit iy, ¢®rc®on

Fy = EE BT H eI D, RIZ, FEHEK
SN/ KW L TR & OMEAHR,
C, = Zzl(Ez _E)(Eoi _FM)
L o =V om = \? (21)
\fzizl(Ei_Ei) \:‘21:1(Eoz Eoi)

ZMCT, ERMICFEREBEORZEZFML. 22
T, E; 1% Fig. 4-(2) 55 Fig. 4-(4) (IR L 72 PR 1%,

E \3 E, DEEFOM%EE 7 v VTR L2 FME, Eo;
\& Fig. 4-(1) \ IR L27CHIE, E, 132 DOPHHETH 5.
1 {5 AH B4 12 Table 1 WKRLZBYTHY, ZOERIPS
SPM B34 CORAIT BTG AE <, Bl 213

(c) DRLFHY53Hk L’Cb\%ﬂﬂ%oﬁ% £, SPM #:3 LBP i

ﬂu

(a)Center (b) Bottom
(1) Particle distribution

(c) Dispersion

(a)Center (b) Bottom

(2) Reconstructed image by LBP

(c) Dispersion

(a)Center (b) Bottom

(3) Reconstructed image by NR

(c) Dispersion

(b) Bottom
(4) Reconstructed image by SPM

(a)Center (c) Dispersion

Fig. 4 Reconstructed Images.

o
<

—

o
©
w0

[

o
.

Ne)
(oo}

o
o]
~J

Evaluation function f(E*)[-]
Log

0 200 400 600 800 1000

Iterations number [-]

Fig. 5 Convergence process of the center image by SPM.

Table 1 Correlation between original image and recon-
structed images.

(a) Center (b) Bottom (c¢) Dispersion
LBP 0.67252 0.641716 0.283811
NR 0.665292 0.693903 0.457623
SPM 0.871533 0.834763 0.668431
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Table 2 Comparison of void ratio by each method.
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Fig. 11  Capacitances from experiments and reconstructed
images.
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Fig. 12 Correlation between experimental capacitance and
capacitances from reconstructed images.

Coefficient | Mean void Max Min Deviation
k[-] ratio [%] | value [%] | value[%] fil-1
Capacitance 1.0 10.24 15.28 6.135 -
NR 0.2085 10.24 14.26 6.495 1.73
SPM 292.36 10.24 16.49 3.914 0.749
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