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Feature Extraction of Solid-Air Two Phase Flow with Capacitance CT
and Wavelets Multiresolution

Masahiro Taker, Hui Li, Mitsuaki OcHi, Yoshifuru Sarro and Kiyoshi Horu

ABSTRACT

A concept to extract a feature of solid-air two-phase flow in a pipeline has been launched
with a combination of a capacitance-computed tomography and wavelets transform. With this
concept, particle distribution images obtained by CT are transformed with discrete wavelets
multiresolution. As a result, in the case of low open area ratio of the pipe cross-section, high
particle densities are shown in secondarily dominant levels as well as a substantial space
level. The high value in the secondary level results from unhomogeneous density due to colli-
sion between particles and wall. In the experiment, the CT acquires the capacitances between
12 electrodes distributing around the outside of the pipeline. Clay is attached inside the pipe-
line in order to verify the open area ratio. The images are reconstructed from the capaci-

tances with a linear back projection method.
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Fig. 1 Overview of capacitance tomography.
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Fig. 2 Extend elevation of CT sensor.
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Fig. 5 Experimental equipment.

Table 1 Experimental condition.
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Fig. 6 Time mean particle density fluctuation CT image.

e TREFREDMR > T K BEF AR T & 5.
3. D=7y FSERKEICLSEGLE

3.1 ERNESE EGOEA G

Fig. 6 DF ¥ )Xy % Y A CT 2y HIZ X VG5 -H
FiLEEEB OW TS %, HEXIMITHE L LT,
I =T Ly NSRRI L, KR 2 2R
Rt Ai i L2z 20, O ReHEsy = — 7L v MR
oiHIFEB 13,

S=WET"* (8)

THRIN, SE7z—TLy FARZ 54, WIETF
LAYV =Ty MiFl, Wi W OEEf5]C
b, ROy —TL v ML,

E=W'SW (9)
LY, FOLEMLEEL,

E=W'S,W+W'SW+W'S,W +
WiS,w+w's,w ()

THY, EEEG (LNV0) 25 EEERS (LA
V4) ELTIEBEREMTHRTAIENTEL, A
METHWTFI5A TV 772 =Ty MIH W IZ,
4 &k ® Daubechies FLEETH 0, G505 32 X 32
BWEKTHDLDT, TOLEMGEEITIL XNV 095XV
4D5EBEHRENE, TOTFIATV T —T
Ly MO 7 =) ZZEMIT L B/87 — AT M T A
S (P.S.D.) ORENPSRDLZLNNVDB X ZFDZER
JEBRCTIRE, Table 2 \IZ/R L7 THAH, ZTDFHKIZ
R L7245 LAV O 22 A A A & EBT W B

Table 2 Relation between wavelet level and representative
space frequency

Space Space Mean value of
Level . .
frequency[mm-1] size[mm] space size[mm)]
LO 0.02 ~ 0.05 50 ~ 20 35.0
L1 0.05 ~ 0.06 20 ~ 14.6 17.3
L2 0.06 ~ 0.11 146 ~ 9.2 119
L3 0.11 ~ 0.21 92~ 48 7.0
14 0.21 ~ 0.32 48~ 3.1 3.95
50 mm
35 mm
Lewel 0= Pipeline
17. 5 mm
Lewel 1
11. 8 mm
Lewel 2 3
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Lewel 3 L Lm = O =it
s ™ & O S=0500

g WO g
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Fig. 7 Relation between mean space size and blockage length.
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Fig. 8 Multiresolution of CT images.
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ORI ZBE L7250 T, Zh5OMmEIZ 47
T A VWi O BRSBTS F ISR S - kg %
MELZbDTHA. Fig. 10 (A) I2BWT, AREED
fiilx, miAd Fig. 6 OFEBREFICBI DL v Y K-
w/ME) OIE, Thbb, FSEEIL Mt=624 0k
X3 271, Mt=167D% %12296 & L7:. Fig. 10 (B)
~(E) &, AEWEOICEGICY = —T Ly M ERG
FExiELZm{ETHY, INSDmEE, Fig. 8 0%k
fRAR EE M\ 0 4 2 Sk Wi & 72 5. B2 1L, Fig. 8
(A1) DL~V 0 OFEHEMm %13, Fig. 10 (1) (B) O L
VO DEETHY, Fig. 8 (A4) DL NV 3 DILHEM (%
1%, Fig. 10 (4) (E) LX)V 3 DWigTHhb, vx—7
Ly LX)V L OEEEICB 5 EGEAHAERE C 1,

(BL-EL)I.- 1)

CL::‘ 2 2
«E&-E&)VUL—LJ (]

Ik YRDB, 22T, & Fig. 8 (R LK T EZsE)
ORERFHE{EO L~V B, Bifg, ($Z 02T,
I 13 Fig. 10 (2R L 72388l g0 L~V Llifg, 1,132
DZEBPFHMHETH 5.

Fig. 11 ZE{EHBREEZ R L7200 TH Y, FHJE

1 X
'

. o ‘

0

o
> HE X
> X

Correlation Coefficient [-]

LO L1 L2 L3
Wavelet Level [-]
@®:5S=1.000Casel-1 [ S=0.805 Case2-1

A S =0500 Case3-1 X185 =0.195 Cased-1
(A) Solid Air Mass Ratio Mt=6.24

ol X

Wi}

s i a X X

‘505

= A o

<]

S n

© o9

g 2

= n

?0'5

=

&) . . .
LO L1 L2 L3

Wavelet Level [-]
@®:5=1.000Casel-2 M S=0.805 Case2-2

A:S5=0500Case3-2 X:§=0.195 Cased-2
(B) Solid Air Mass Ratio Mt=16.7

Fig. 11 Image correlation between pseudo image and CT Image.



wE A%, F O, B

S, Ak IR, JIE 2

I Mt 2BV, BRmfEL S=1.0 (Case 1), S=
0.805 (Case 2-*), BX1U, S=0.5 (Case 3-*) Oid
F LAV 0 IR EOHBEMESHN, S=0.195 (Case 4-%)
DOEEFT VNV LIRS OHBMENHNE., Th b0k
HOMBMEZ R L7720, wiEd Fig. 8 3 X U Fig. 9
OWEGMI TR L7z —RULRL NV E—FHLTED,
X512, Hiit Table 2 & Fig. 7 |k L2 BICEI O K &
BEE LNV DOFHERFA XL OBER? S bFHETE
% X912, Fig. 8 DL EMGEMIZIZ BV TARKR D L
BCHY 22 22 SIS 2 R T LRIV EF 2 5.
4. 2 ZRHIZEL NILOKRE

HRALIEAER A S, BRI S 23R/ S WIET
&, KSR L NV TH B MR, 25
(/N TR 2 RO ORFRE 2 R RIS L XV
DIFAEDFER S N7z, — I, EFHBNES RSB
WTIE, BFRIEHAME—RETIEZR L, whwd, ik
BELOLDPELLIENRELNTEY, AWFIED LR
TFEPRKECEATIE, NTREL S, SO
I0b, NFRLBIOKNTLERE OBENEER L
h., T, WTEEDSICHET 2BEEMEE, AU
2212 BT B E{ELBE B O W T HIEBRME 217V, R
ML L~V DY B A %483 5. Peng et al. I3,
SEE D LIS RO T & HME T S8, S
O—WHICBIT B FREZ, FTVALT -~ b
(LGA) X W AT » TR L, FOREM OB
EBICHLTT7— ) 2BmA o722, 2 LTSI,
KA IR VAL, 7 — ) THIEO P.S.D. (3K
BRI LT THY, STk T dEE P Rn:

9, RAREZBIIRFRICS L ThEWZ L2 L7z,

F72, MFREXRREVWEAEIE, 7V ZkEO
PS.D. (ZHEREMEEU T L T2 Tl % < D ofEmc
HY, THIRTFHB IR T & EREROBEZEHSRKE <
70, K OREETAREHIIS LT A2 L bR
WilL7z, T%bb, MPRENRLRLEHWILEIE, MR
B oAU TBY, X0 ECZ2HE RS b RT
WPGAET LI eDbhb, F3518, o, KT
BEDIEEICE WAL, 7= TJEO P.SD. IZHH
BB L T—EE ), ThEINTMBLIORTL
FREBOBmEDPEFICKREND DD, W RENSTE
B72012, ZMWBAMEIVNS L, MPRED OSP4T
BRI ELIEmL.

2%, RFEOEERIZBEWT, BRERIL S 25k &
WS (Case 1-5 & Case 2-* o4 T, k-
Y iz, WTREEZEIVNS , —RWELHL X
VOARNPELIbDEEZONS, T/, BRmALL S
HRR/NE VA (Case 35 DAY TIE, FEEY @
RIZBWT, MFRENSELSZD, ToHNE, Wit
BILORTLEREOWmEIEL, NTREGSIELD
Twb EEMMICEZ OGNS, ZLT, I OfHZ%EIC
L oT, ~RAERLNVPAHZD, KSR L XV

PEUZbOLEZOND, 23518, Bk S
IR IS VA (Case 4-F B4 TIE, BEEY @
RECBWT, RFRESEFICRELS 2D, ZMMEmE
ARS VDI, RMTRELOAELT, MELLT,
R L RXVORDPELZDDEEZ NS,

5. & &

YNV FUACT e —T Ly NEEMEELH
W72 BN E S ARG BT B ZRITKL T A O S
WA EZREL. 2LC, HmE e 23725
EYE % OEBRNE K AR OGREIRE O CT i % 1%
T, o CT W{gizx LTy = —7 Ly N HEfRG
kL, TR Koo Fom i Lz, 2ok
R, BIBARE AR R0 /N S WAL, BIBARE I 124K
3572 —=7Ly PLARLED HEVRER L X
WIS, BFREORE AR SNz, O KA
LAovid, R & Ok LR L OHZEIC X 5 TR
CHRECOHRORETHLLEEZONSL, LML
D6, BRI KR E WIS, BXLU, FEFEITHIW
Va2, FREAELICH ST A 2 —T Ly P LN
(—RBERLNV) OARIZ LD, BTIREOKE RED
Ronw, IR FRHEID W0, BLU,
MFOZERPBHEI NS WD EEZEZ LN,

AWFFEAT TR 11 4R R A Bt IR g3 [ (JST) Al
BB R BRI EIC I D 2 SN FE Lz, REBREITH
2720, FilE UMIST @ Dr. Tomasz DYAKOWSKI,
¥|E PTL # @ Mr. Malcolm Byars, HA % /<~ v 7 &
(BR) B EREIG, B LU, HARFH T =R AN
—BIZTHITEEF LA, ZZIEHHE L ETET.

ZEZXMW

1) Bz, SHesh, A, S HMk— 1 EAMEGSRRE,
au -tk (1988).

2) BBRE—, JEEE— AN TORA FROWUBUL, w6l
(LB 43K, Vol. 21, No. 80 (2001) pp. 20-24.

3) M fEsE L A MR oL - SHC BT V4 7T
74, WAL ARE Vol 21, No. 80 (2001) pp. 14-19.

4) ZEFEHR, HolE: 7u—7¢ LT ZHVES&ES
B SUIR A IE o W BAL & B, BEMA SRR SC4E B, Vol
62, No. 593 (1996) pp. 137-144.

5) Warsito, Utomo, M.B., PIHEY @ =HRICBT kT KO
ST S RICA A EH o859 CT #:;, AR, Vol
14, No. 4 (2000) pp. 434-441.

6 ) Dickin, F. and Wang, M.: Electrical resistance tomography
for process applications, Measurement science & technology,
Vol. 7, No. 3 (1996) pp. 247-260.

7) Huang, S.M., Plaskowski, A.B., Xie, C.G. and Beck, M.S.:
Tomographic imaging of two-component flow using capaci-
tance sensors, J. Phys, E: Sci, Intrrum, Vol. 22 (1989) pp.
173-177.

8) Halow, J.S. and Nicoletti, P.: Observations of fluidized bed
coalescence using capacitance imaging, Powder Technology,
Vol. 69 (1992) pp. 255-277.



FyRVIIACT &y =—T7 Ly b ZEMBGIEE F 728 BT S ARG O Rl

9)

10)

11)

12)

13)

14)

15)

Wang, S.J., Dyakowski, T., Xie, C.G., Williams, R.A., and
Beck, M.S.: Real time capacitance imaging of bubble forma-
tion at the distributor of a fluidized bed, Chemical Engineer-
ing Journal, Vol. 56, No. 3 (1995) pp. 95-100.

Ostrowski, K.L., Luke, S.P.,, Bennett, M.A. and Williams,
R.A.: Real time visualization and analysis of dense phase
powder conveying, Powder technology Vol. 102 (1999) pp. 1-
13.

BIZAE, FrEH— v o—7 Ly NEGET, B iR
(1999).

FHOET L BERER Y = — T Ly MEBROEBAGHEAOIG
JH, ERFXTLEEA, Vol. 116A, No. 10 (1996) pp. 833-
839.

FRIE—, FEPHRE, B BERER Y = —T Ly M
2L B 74 X7 4V F IO, ERFESFTGEA,
Vol. 117A, No. 2 (1997) pp. 128-133.

Farge, M.: Wavelet transforms and their applications to tur-
bulence, Annu. Rev. Fluid Mech., Vol. 24 (1992) pp. 395—
457.

Li, H, Takei, M., Ochi, M., Saito, Y. and Horii, K.: Applica-
tion of two-dimensional orthogonal wavelets to multiresolu-
tion image analysis of a turbulent jet, Transactions of the
Japan Society for Aeronautical and Space Sciences, Vol. 42,

16)

17

N

18)

19)

20)

21)

22)

No. 137 (1999) pp. 120-127.

Yang, W.Q.: Hardware design of electrical capacitance tomo-
graphy systems, Measurement science & technology, Vol. 7,
No. 3 (1996) pp. 225-232.

Bl 20X, BB fEE TUREO V05250 |, ¥4 = A4,
No. 403 (1997).

Isaksen, O.: A review of reconstruction techniques for capaci-
tance tomography, Measurement science & technology, Vol. 7,
No. 3 (1996) pp. 325-337.

Huang, S.M. and Xie, C.G.: Error analysis of tomography
systems a case study, Process Tomography Principals Tech-
niques and Applications, edited by M.S. Beck and R.A. Wil-
liams, Butterworth Heinemann (1995) pp. 367-390.
RIEEZ, Bk, WIHEZ vz —7 Ly MEREZHW
72 NET T T A — MR OB L Z DR, NHIRETF AR,
HEBH 2001 — 56342 75 (2001).

AEEHE, RS2, Ho C.H., ZH, AN, 4
Z MEMS €AW F v 7 LMY = =7 Ly MZX 5
BLIL BT LI & A WO T 0w 8L, W BLTE s g, Vol
21, No. 4 (2001) pp. 71-78.

Peng, G. and Herrmann, H.J.: Density waves and 1/f density
fluctuation in granular flow, Phys. Rev. E, Vol. 51, No 3
(1995) pp. 1745-1756.



