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Abstract: The image reconstruction method plays a crucial role in successful applications of the electrical capacitance tomography

(ECT) visualization measurement method. In this paper, a new imaging method was proposed to improve the reconstruction quality.

In the proposed imaging method, a new cost function was put forward to convert the image reconstruction problem with the focus on

the ECT imaging into an optimization problem. A new iteration method that encapsulates the advantages of the split Bregman ( SB)

method was developed to effectively solve the cost function. Numerical experiment results indicate that the proposed imaging method

can ensure the numerical stability of the ECT image reconstruction and significantly improve the reconstruction quality. The findings

of the study provide an effective method for the image reconstruction task in the ECT imaging.

Key words: electrical capacitance tomography ; inverse problem; image reconstruction

SR AT AR Tl B b, S T
AR R T S B S A2 LR, FRAT
HEWR AT B AE 25 (| v 0 o0 A o LS JE BT 1% (E-
lectrical Capacitance Tomography, ECT), Z2EF/
W &R SR AR R AR B Z —, BRA R
M, A HAETAENATIRREZ R BT H R
ML, ECT FAR T4 ok B 9 H] T URh . KA
TSR AR I S

ECT Il i ] 5 M O T AR 55 ik A M RE

s BEH: 2017-11-06
EEEN: ZWE1977), B, WEEHA, TRIW, %4, EZM
FPTRE IR & 5 R A 5007 T A9 BF 59X T AR (e-mail ) lipeng @ ge-

di. com. ¢cn,

ECT {5 5 £ [n) 8 ) o A5 A SO i) 24 T o el PRI 4500
ek, BHET, WATH ECT BI&E & 7 ik s bn
Y Tikhonov 1F M| ¥ ( Standard Tikhonov Regulariza-
tion, STR)'" OIOR J #:'*', Landweber i% %
BP0 L1 IEM4E 7 B (L1 regularization, L1R) ™
475 9% T W4k J5 2 ( Total Variation, TV) ™[ {04k
A (ART) 45, STR J7iJH1 OIOR J5 i 5
MAE L d g, B2, @i A X AR, Land-
weber R — N RATHEARE E I, R
JrETEA T b @ T TR, WS B AR 4
18RRI B A R SRR v, 7R SEBR B ]
HELU E AR R 55 . TV SRR TR G AL B4R
PAF T, SR, AR R T B R AN,
HUG B A BAR . LIR J5 ko 1 8 g R



102 B heR A

Hat

Mgt ses, (AR, EShRrN T, Ha g
Pt Tt — Lt ws . T E— Pl KA
i, HaE BCT M4 R A nl 5Ed, ASChe T
—ANEY B AR R EORL BCT [BIR E dim) 8, JE4 il
T B VRAE T3 12 A ROR A iz H AR ek & (e
THRATAAEN] TR RA I a1 S A R

1 ECT EfgE#&EE

ECT % i 5 2 5 FE — oA W 4 3 20 4
gy BRI AR, E 8. F 20 il DUAR 4
CRIA HLE B AR o R Ia) 8. AR I A
ZERHE A I R A B O A, il R —
ARSI, SEPREURE Ed, ECT B4 &)
H R I TR R TR

Ax =y +r (1)

Kby ym <1 R RAE; x S n <1 4EA
HUHBOMT, RRFER; Ay m Xn PYFERE, R
T YA B E BT LASE LR

HLARM UG, ECT Jz a8 )R fige i 72wl 2 7 2L A0
A Fly BT, PREE SR AR 7 (1) By AR R0 AE
Hx, BT BRAA T, WA BUE ik
MDA PR NI I o N T 3RAS A28 R (B
BB, T B R A I BB 5 | B8 A A R Bl
AL AR BRI — 2 R FER 24 o £

2 EZHREH

Tikhonov 1E U3 S Ak B 25 1] 8 ) — Fh A 25007
W SEE R T, TR TR (1) 1R
fi et — A e A, B

min{D(A,y) + zajRj(x)} (2)

Kb D(A, y) R ORI BRTEIEE ; R, (x) S 1E 0
T oy >0 JEIENZEL
STR 75 3%:5% FHF- 75 1 o AR DAy ik oHes s 4 00 J32
FITEMI, AT AR
min{{[Ax —y|* +allx|*} (3)
STR J5 L REMS W A 5 OB % . {HJ&, STR
J7 i Tl O AT, AT
SFEORLEAIEHHERE B BR, HAFAE R R AE R
HAP LRI R PR ER A E R Bk, =
] 73 BB AN

T viiRk STR J7 ik B BTN, & A15]

AT TV Jiike FEARBE, TV 5ok T /Y i
Akl .

1
lAx = y|* + o |[Dxll, +
2

min (4)
o |[D x|,
A -l 1 %G D, A D, 53 R K7 )

AN LT 0] b — B 2200 R R .
TV Jrik CAEEGAE BEGU RS T RN H . 3
J&, X ECT B E @B 5, TV Jrik s
RUONE T BT T A 2y ) ) B o H AR X A 2%
R, JrRE(3) A1 (4) Hh SR HISF-J7 H ek £
VERBIERG ORI EE o AR, P05 AR B
THEE SO0 T 00 2 8580 b R 22 O U R, Ry
SRR TR AR TR, AR G 2 JE80m 138
BAE MRS PRI, R
D(A.y) =5|Ax -yl +(1 =8)[Ax —yl|,(5)
£ 0<6<1,
R, T v ik TV IR WAL J5 825 09 B B 2L
N, AWFFEER T AR AN, B
R(x) = o [|Dxll, +|D x|, +os]wxll, (6)
2, KIrR(5) M(e) AT #E(2) vh S8
Ty E R %L
. {5|Ax =yl + (1 =8)[|Ax -y, +}
min
a [Dxll, +o[D x|, +ollWxl,
3 KFEFHIE
(7)) D THRAR A, F5K—4
AR Ty SR i Il ) T 52 bRy ECT Wl £
ZOCHE, RIEmEE, TR (7)REES A
TR A A )
. {5||Ax —y|P + (1 =8) .l +}
min
alld, [, +aldl, +eas[Wxl, ] (8)
s.t.d, =Ax -y,d, =D x,d, =Dx
FR 424> %4 Bregman ( Split Bregman, SB)!"', =X
(8) REFZ AL A an N i e Pt Ak m) L .
§lax —y? + (1 =8) [, [, +aldll, +

alld, ||, + o [[Wxl, +

min &H
dy,dy x 2

d, - (Ax -y) - by +

M M
5 ld, -Dx -BiF +5d, -Dx bl

(10)



W

MG, A5 AN AR FIR Rk 103

AL (j =1, 2, 3) RN A KT
B
by =b - [di" - (AX —y) ] (11)
by" =b, - (& -Dx") (12)
b =b, - (&' -Dx"") (13)
T AR R AR A7 1 AT H 3 (10) ik fn R 5
Ay 7 BB R /N T

ad}
ﬁ”:mm{“ &|¢|1+2|d1_} (14)

(Ax" —y) =B [’

M
d?1=1nm{“”d2h'*2|d2‘} (15)
D x* - bi|]
K
d;"' = min{%nd3 I+ 2 Ia, _} (16)
D x" - bi|P

~ +
8lAx —yl* +asllwxl, +[di* -
(Ax —y) -bi|* +

M + 5 Ms
g —px -+ e -

Dx -b|’

(17)
A (14) Hff AT Fabh

a" =min{ (1 -5) a,], + 4, ~(Ax' ) 5]}
= shrinkage( (Ax* —y) +b),(1 =8)/u,)
(18)
2, shrinkage( -, T,) =sgn( + )max{ | « | —
T,, OMUREBR T T, AGRMIME; sgn( - )UK
Pk, R

1, u>0
sgn(u) = { 0, u=0 (19)
~1, u <0

A2, =L(15) F(16) AT KB .
k+1 . M
a = winla,|q,], +%|d, -Dx* -0 |
= shrinkage(D x* + b}, a,/u,) (20)
k+1 . M3
a" = minfa, a,, +%a, -D &t b))

= shrinkage(D x" + b}, a,/u;) (21)
e Ah, (17) B8 R Al FIST J7 ik A1 BOK

it &, LR, — . TR
K(7) WIrER A ER D by R, FRATFR
H by 3% AR 1 W) 4k 5 7 )7 3 (Iteration Regularization
Reconstruction, IRR)

*1 HE1—IRRE%
Tab. 1 ALG1—IRR ALG

1. wtatk.
2. M k=1, 2, o, PUTINF TR AR I Aol
LB R TFROI8) HEAS R &,
IR 2. MRYEITAR(20) WA 44,
LIRS RUETTRR(21) BT 45T
AR 4. FH FIST Jy sk (17) At x< 11,
AR5 AR TR (1) BRI b
U 6. ARFEITRE(12) THER B3
BT, R (13) B R b
3. MR

4 HESLW

R T B AN A R, SR TEUE R
IRAEXTFRAT B 1 B IRR AT BB E I
STR Jj51&. OIOR J57#:. ART J5#:. Landweber J5
Pi. TV ik LIR J7 i 0y G H g ot it R 47 B AR
Fei, $IXF ECT £48, RATRM T 12 Wtk IrgtL
Bt BBREARA] 32 B FR <32 BRMBE 2 H;
A BT EAE Matlab 3016 BT,

FHEGR 2 RPN ERE R, Bl
HARFIR Ny

IE = on _xR”
o

Kb xo A oxe 430 40 3R 52 Y AR R E 2 i
KR

B ORRIE AR E AR, BaENHE
SrHRRE S A, BE R 2.6, HERARI
FRACRARA L 8, B 1.0, STR J5kiYIE
MZ%0E Xk 0.003, ART J5ik 5 Landweber Jy 3
SATESEINGR 2 FIK 3 iR, TV Jrikfl LIR J5
PR IEN S0 50 0. 008 F10.01, 18 IRR J59%
H, 6§=0.9, a, =a, =0.08, a, =0.007, FECEIE
ZER (™ —xt ") <107, Bl 2 ~ &8 4351
2 STR J77& . OIOR J7#:. ART. Landweber J57E .
TV J5i% . LIR 751 IRR Jrikm K%, KGR
2R 4 R,

x 100% (31)



104

77 RETRAE IR

Hat

(a)

(b)

Fig. 1

& 1

(c)
BEENZ

Reconstruction of the image

(d)

CECE
SIS

(a)

(b)

(e)

B2 STREZEZER

Fig. 2 Reconstruction of the image using STR method
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Fig. 3 Reconstruction of the image using OIOR method
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Fig. 4 Reconstruction of the image using ART method
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Fig. 5 Reconstruction of the image using Landweber method

(d)




W

MG, A5 AN AR FIR Rk 105

D 2.4
18

1.6
. . =
- 2

(a) (b)

(¢) (d)

Ee6 TVEEZZEE®E

Fig. 6 Reconstruction of the image using TV method
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Fig. 7 Reconstruction of the image using L1R method
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Fig. 8 Reconstruction of the image using IRR method
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