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ECT detection of bonding defects of composite materials
based on improved sensitivity matrix

Zhang Zhiyuan Yan Hua

Zhou Yinggang Wang Yifan

(School of Information Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract; The planar capacitance tomography (ECT) technique is usually used to reconstruct the image of bonding defects of composite

materials by means of sensitivity matrix. The sensitive field of ECT sensor is distributed in a three-dimensional space, but the

reconstructed image for defect detection is two-dimensional, so there is the problem of selecting the sensitivity matrix of different layers.

The selection of sensitivity matrix in different layers is explored, and an improved method of sensitivity matrix is proposed. Through the

threshold processing and absolute value processing of the negative sensitive region, the ill condition and non-uniformity of the sensitivity

matrix are improved, and the modeling error of ECT forward problem is reduced. Simulation and experimental results show that the

proposed method can significantly reduce the artifacts in the reconstructed image, improve the clarity of the reconstructed defects, and

then reduce the probability of false or missed judgment.
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Fig. 1  Capacitance edge effect

FHPETE ECT £ AR K 5 A 4 RERG 12 6l B B 5 286
M n AR ZH BB ST ECT A% B A% B T 9 M1k 1y &
T, FH TR0 P A A A% Sk 1) R 2 ) 30T A SR 2
REBHIEA T R B AR Ak . ECT L JEAR31 388 R FH 50 A A
Wi =X, SR F o B AR R Oy U B B — R
it o 5l LS 3 >4 TRl e AR JE At AR AR A S A 0
WbFHHLAT . X F—A n AR ECT G IS el 1~
n—1 WA AR, AT LIS M=n(n-1)/2 IS HEEL
P, OPREE SR, A 2 A A5 R AR A R
A1 R 3k e 45 A R A R A R A A
Y IH — A L B UFR IR BE ) 43 A R

ECT &8 v, A A A T FRURN$5 i 2 5 i 5145 o
PIRCR . VT ECT A% I8 i TH B F AN 47 S M AE
AL B I TR — S B, 35 AR Al %k B R B e
M FRSEEE, BB Ak B T 3045 3 2 e g, A
FI T ARG B4 A e AR (LA R TR P ik 2> 2 I
MR H A5, B B B9 (5 M LU IR, ECT EI5EE #
S AR R B ] R i A GO 45 B v 1 e

FEAURR, P AR B i 22 I Ei el SR ST R R, H R
I ECT AR DL 12 Sidm o WL, PRI, AR SR ]
12 BT ECT A2, i =X B R A el

2 ECTHEGEE

ECT 1 EMQE @ SCPR e ECT (935 [n) 8, 38 15
By FIE SRR TR M . ECT PR AL IE [ SUBL R A) L)
NI

C=S5G (D
K. CH M AEIH— L2 i, S i MXN 4E)H—
R, G Sl N 4V — A0 v 8w o, BV BB
)i, MFRH B ) it

ECT G BB & —A =4, 2R R
JE T EAE A 2 2 ALBR YT $ TR % )2 T8 IE 5 TR M
KBRS N BTG, NRRE . ECT 1 ks 1 R 503
HOR R R BT, SRR sl Oy 2T i B R
(kXS TRAIT e(e = 1,2, ,N) BURIE 5, (e) W
FoR R,

1
o)== By ) E(ryaddy  (2)
n

A 2 AFEEZ M 2 bR, BEEG E(x,y,2") Bl
M@ AUl F AR Rt N R . U, AR AR A A 0 v AR Ak T
TR E R I LRI A5 E(x,y,2") 2R
B A 5ty e A it L . U, A AR A A AN i i Ab
FEEAREE 21 LB E A Q FRHIt e
FEXs L X, i TRER TR A, AR/, 8O REBUE s, (e)
AR AE(3) 3.

A,
s (e) == ﬁEi(xe,ye,Z’) “E(x.,y.,3") (3)

KA (x,,y,,2") HHITC e HO LR,

TR SRR 537 Pt B 0 R 08 3 A7 3 A PR
TCATBTARAEAT | ELTHIA A i B A% B Ak T 23 AR
A AR, A SCR A Z COMSOL A BRI F
WA, FFEds R R RIEA BT B A BR T
3P XU R 5z 278 KT T G [ AR 3R A

R A IH— b P A0k (4) BoRT

S, (e) =si'j(e)/23i'j(e) (4)
efr, S, () WIA— IR BB i—j % T2 e 1
RPSE,

2Rk ] % 5 (linear back projection, LBP ) B
Landweber 3552 i BAR R 1 WA (5115 8 L5905
LBP B30k 53 f] B | R PRSI B P -, H o A o R 2%
Landweber 35 U 1% 08 MR B 52 LBP B3 vk 1 — 4t
B T 05 17T AXS EUR B S AB IE, PRI AT LR A5 L



5113

et SRR 9 2 A bEBPREHE BEE ECT A1 19 -

LBP 83 g% o i i B RME T A 45 R . Landweber %
REFEm AR (5) FrRt .

é(/m) :éu) +aS"(C - Sé(m) (5)

R, GO O b USRS A RO FE ) B o 4
etz TS FE R £ P, — I« = 2/, A W
M S'S [ KFFIEMH

Landweber 1% X350 & DA LBP B3k 9 245 R K
PACHIIR M, JFaE 3 01 177 BR I8 bl f ik i A K o) 5 1Y
ERICHEAS € [0,1] o AR Landweber 1058 72 7F
Ty E g AU E S 10 K,

3 ET | ECT RyFGIEER B2

3.1 fEREREBRITER

A SCPT ST T 1 ECT AR RS AL N A] 2 (a) 7R,
1 12 AN E MR EEAR R 5 4 A, T Y M = 66 AN HL A
B, HRAR R, ST 41 mmx30 mmx0. 1 mm,
HeMR A B R 3 mm g 3 AR A A4 RE R 46 2 9B R, RS R
160 mmx 160 mmx2 mm , FEAR I FEL AR AR AR A4 ; Bt i i 4
Bl R R B AR SF 2 160 mmXx 160 mmx 1 mm, B
R 6] 5 S5 B S5 BE 4 1.5 mm, AR 181k i 4% 10 55 3
5 mm, AR E A AR Z, o 2 A& MR R
X F R & = 6.5 WBEHELT YL A MR, B 7E1%
JRAFRI T , R SF 160 mmx 160 mmx5 mm , 582 NI E

(a) FHEECTA: R3St R

(a) Planar ECT sensor model

(b) A BRTC M %

(b) Finite element mesh

WG T2 AR R R, HARXS A ECh & = 3.4,
T AR/ N A AR — 20, SRR 2 mm, )2 H B2
TR BRI g A2 8 FE X A Fi 8 IO 1, AR SO A BROT
B 200 mmx200 mmx70 mm (9K 51 %3585
FF- T ECT AL 58 & & e Horp e AT 5 22 40 4
D51 EAHRE T 20 mm BZ )2 AEH BRI 54
SR TR H 57 mm F110 mm B25 )2, K 2(b) %

H T IZAI — A BRIT 1 4 S, 3 B ECT A%k
AN TCAY . % SBIR FH T COMSOL /Y H H Y i {4
DS )53, PXAR 1) B 288 i 5 P 3 i 8 A A ) ) B0
FE I o I AR T AR S M it T s B2 1 L 3
SREEAT 2 () 2 2(b) B

i L COMSOL {5 B4, a] LAAS H 45 S W % 2 (1]
F14) FEL 5 (AR T 9 B 1 P AR, A SR R A A 1
B RE AR IE 7 160 mmx 160 mmx 18 mm [k ik
T, Z X IR R A i 6 2, B2 B AL 40x 40 =
1 600 pixels, % R E i 5 M 1~6 [ 6 )2 RBEHEM, F
A RAPEH S R 66x1 600 FYEEFE, Horfr, Skl pl 22
TR 1 R R, AT SO 8, BRI SE 4B
Y I AEAEBRE R Y . TR = e Ar A
E@Fﬁl%m P 402 0, B0 R T 20 (6) Frn i HL 2%
H—1e2

G, = (C{,f' - C:j)/(C/iv,/) (6)
K. € AWISHRAAE, ¢, A A,

() BT BEE R

(c) Projection of finite element mesh

B2 AR R KA BROT R A% ]

Fig.2 Sensor and finite element mesh

3.2 AREEHE R EEMREEE

ECT 12 I8s 1 USRI 73 A 7 — A =4k == ) BT
B AN ) T AR PRI AR R DR AR AN [ 2 R U
R R REIURE SR Ar WT: 1) AN TR AR 2
B AR ) REUZ AT A 35 2257 52) 18 = RIBUE X
SRR SR A DX S (R R U A 2 0 X ) = 8] B
IR 3) B 25 10, RIEBUEESA YR
W, R AR e 2 A7 Bl s, (7)) B X R
TR R 2] PR AR A P T%‘Jdﬁiﬁﬁl&“ﬁﬁﬁﬂ’ﬂ*ﬁiﬂ
fifiid

1 &
St _Wz
N

Z S (6) _S ]2}1/2 (7>

=1

2t S i — RO 22 ) R, S i -
Wetxd 2 18] R bR EZE N N BE— )2 R R EE .

H T (Rl AN SE P, ~F- T ECT %Fi%ﬁﬁﬁiﬁﬂzf
TR MR 25 ™ o, SRR R 0 SR PR K, X IR )



- 20 - LSRR R e o

36 %

R BT Bl IS 0 B 5 22 I, o 2 o i A 2 2R g AR
FRIRZNE o DRI SR A0 R 1) 2 PR S PP SR AR o
P R IR . 2 1 24010 T AR = R BUSE RE Ay 45 2
PEFEDR P AR, SR 1 ATLUA I, 56 5 2 REUEAE
FEf PR/, A5 E R R /N o RIS 5 T2 R
ARG B R B AR AEOR

&1 BERGEEREITNIER

Table 1 Uniformity index of sensitivity matrix of each layer

B2 H2)E 3R H4E SR HeE

P 101.84 3501 14.19 11.24 6.30  7.39
% 5740.5 2206.5 918.98 2234.8 564.25 1673.7

BRG] 25 R R R R v s PR 5 T SR
ANT6) 2 R H R A Landweber 128 1R85 15 (3240 B &
FER 10 ) % 2t 1 B 5 RS [E] Fa AR Y R A T
TEURE R, SEERIR A 2N )P R | ~ R
5. Hor BOR 1~ BERY 4 R 5 IR BRI K 20 mmx
20 mm BB 5 I BB 15 mmx 15 mm BB
BRFERYAE R 12 mm, T A SRFEIR &N 2 mm , BRFE AL
FAXF R e = 1 AR EHLIREERNE S 2
T R N 14 R R . AT A R AR S
BT 3 ZHNE S EEASRX I, ik 2 i 2 51
FIER 3 G 7R

x2 AERGFEEMENHEZER
Table 2 Reconstructed images corresponding to

different sensitivity matrices

SRBAER O 3 RRBUEAM A5 RABUEE

_L——.
10
g 08
0.6
fis
{ 1
i 04
U [N} 02
LU
0
| |
[ ]

H1% 2 T LUE Hh AR B R Ar e 2 1 th
W BAEERS 2 SRS 3 51 E A R b BT LA WLSE B ik
HIAEAE ;55 3 H Ry dE gt by Oh 3 W 2 155 2 %), B
T AR B T AR S e e B s A IR (B 0 1, A
W, AR SCR IS 5 2 1 2 A3 B HE AT T ECT Ry 1R
H,

MG Dh 00 T R 23 iR I DR SRR | T a6 o A
JRBEAE AT, AT RE 2> P BB IE I A . ik — 2 2 5
AR B AR SCHE T R SR AR P ek s
3.3 REEEFER B

AR SCRE R HORE R v 74 B AR X B Ay e R DX
AR AR X Sl 18] 1 S8 Bk A B S — b X £ R X
B R PG 7k o 207 i A SRR (B
Qb A 24 TR 70 520 R ML Y L i/ N R R ) 2 S
SRIE L (B0 AT B, A B o e i Bk, )y
T P I {1 A LR A X6 AR A SRR (L A A7 A T 3 7Y
AT AR i G Rt R AR B T 1 R B Y Sk
A G SR A R S BN RN SRR A T 7 A 1Y
SO SRR ] T AR AR i, A SCRT iR R
JEL R B 7 v T AR IR AR

1) T RO R MR — 17 v SRR I R A T
Eifi . (q.,< 0) I peg. , 1 MBI A B
BT p RT 0 /NS

2) KM (8) b Pl —17 Y R BUE(E.

S, (e),S,,(e) =0

S, (e)=915,,(e) 1,0 >S5 .(e) =p-q, (8)

pela,l,5,(e) <p-q,

ARSI LR L, R p=0.3, X AL BT K]
AR R PR A S VRS, DS S )RR
TRREAE R A 0], Y5 Ve da s P Hl 6. 30 BE3] T 2. 69, 45 1F
Hor 564. 25 BER] T 270. 5, SR SGHE Y R BEREJE I AT 22
A I LR
3.4 REGEIERESHRAVEIE

1) {5 FLRAIE

K Landweber 35405835  SCHR[ 10 ] 58035 ATAS SCHR
H A ek AR A S Landweber 3 QEEEXT 5 B f AR
RIPEAT T A, R 3 4 T 3 R xt g i &
MG, BERERIER 3 U5 1 A4, MR 3 ATLE
Hh 2 ARy 4 10 PR O30 i /b, TR B s T

€ i VP AN I AR R AL, 51O RO G R B
(correlation coeffcients, CC) " W= (9) FiR

%G =6) - (6,-6)]

C:
jz«: —é>2-§<c,—5>2

C

(9)




5113

et SRR 9 2 A bEBPREHE BEE ECT A1 - 21 -

x3 (HEEEN

Table 3 Simulation reconstruction comparison
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Table 5 Experimental reconstruction comparison
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