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Abstract: Rapid nondestructive detection of moisture in packaged rice is an effective means to en-
sure its quality and safety in storage and transportation. Firstly,in order to explore the non-destruc-
tive moisture detection method of packaged rice, research based on capacitance tomography (ECT)
technology is carried out, and a set of three-dimensional stereo ECT imaging sensor simulation
model (40 cm x 12 cm x 60 cm) applicable to the actual size of packaged grains is constructed
through numerical simulation analysis and its forward problem solving is completed. Secondly, the
performance parameters of the array electrode sensor are further optimized to comprehensively ana-
lyze the influence laws of the structural parameters such as the width and height of the sensor’ s
pole plate,the spacing between the top and bottom of the pole plate,and the thickness of the shiel-
ding layer on the three evaluation indexes, namely, the uniformity of the sensitivity distribution in
the measurement space ,the dynamic measurement range of the capacitance ,and the relative error of

the reconstructed image. By designing orthogonal tests and comparing and analyzing the evaluation
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results of each structural parameter on the three indexes,a set of structural parameters of the ECT
sensor with optimal performance is finally determined,i. e. ,the height of the pole plate is 7 cm, the
width of the pole plate 5 cm,the spacing between the top and bottom of the pole plate 6. 5 cm,and
the thickness of the shielding layer 6. 5 cm. Finally, the image reconstruction is carried out using the
Landweber algorithm to show that the reconstructed image can be basically reconstructed and the
effect of reconstruction is verified. The results show that the reconstructed image can basically map
out the distribution location of the high dielectric constant region (rice with high moisture con-
tent) ,but the image quality of the junction needs to be improved. The results of this study are ex-
pected to provide a theoretical basis for the development of moisture ECT imaging detection system
for packaged grain.
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Fig.5 Normalized sensitivity field distribution between

ECT sensor plates

2.2 PESIBREHNSEREL N

Ve Bri 2R BE R Mt = i H AR FEE W
Wt bR L AR R s e 2 e [ 3R, 4%
AN FEXHEIRAS B XY 180 R GE S P A
HBNAEE G a2 A an s,
2.2.1 BHHJZEE R

Kl 6 ATE R AEXT PAEF G E 152 AR 4k
Mk, mE 6 AL i R FHEM, P 2K
Ja U/ N R R FE R =6.5 N P Bl G &
P B R A 3G N2 6 N ) e 3



48 WM o ® T

% 44 %

1.7680

1.2012

5.0 5.5 6.0 6.5 7.0 7.5
R

(a) RXTPEIE W

5300
5 100$2-128:80 4998.84

4900 5094.26

5.0 5.5 6.0 6.5 7.0 7.5
R

(b) RAFGRyFE M
E 6 R P{EMGERI
Fig.6 The influence of shielding layer R on P-value and

G-value

2.2.2 WAREE H

K7 AR HAEXT PAEA G A/ 5 AE 1k
k. BT Al Bl H AR, P2 05 ks
K, G LB Wi NEH

1.90

3 4 5 6 7

H
(a) HXTPRIR M

4600 4369.16
4573.93
3 800 4214.24
3000 . . . . ,
3 4 5 6 7
H
(b) HXt GHy R

E7 H3P{EMGENIZIE

Fig.7 The influence of H on P-value and G-value

2.2.3 ARTEE W

& 8 Sy WEXT P A G AR A4k
FE 8 FI R, BfiE W3 m, P Al G B 2B E
N RN
2.2.4 et R MEIEE L

K9 N LAEXT PEFN G EAIF AL £k
M9 Al B L 3TN, P 5t B T Rk
G RIBHTIRN

5 6 7 8 9 10 11

(b) WA GHIR I
B8 wxtpEMGENZM

Fig.8 Influence of W on P-value and G-value

1.77 1.7643

1.7383
1.72 : : : :
5.5 6.0 6.5 7.0 8.0
L
(a) LXTPEISE
6000

37789.21

4000 3291.69
3000
2000
1000
5.5 6.0 6.5 7.0 8.0
L
(b) LY GHIE M

B9 L3t PEMGENTN

Fig.9 The influence of L on P-value and G-value
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Table 1 Level table of orthogonal experiment factors
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IR R H w L
1 6.0 3 5 5.5
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Table 2 Orthogonal experiment table

i P G
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Table 4 The influence of various factors on G value
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Table 5 Image error table

=i
i

52 R/cm H/cm W/cm L/cm Rsum

.979 8
.926 5
L7281
.980 3
L9331
L7865
.984 2
L9355
. 760 3

)
w
)
[

© 0 N AW~
NN
cCo o wu Lo oo
~N W W
® LN O O ®
NN
wn L O O Lt Lt L © W
—_ e e e e e

F6 BEEI Rsum BRI

Table 6 Effects of various factors on Rsum value

S R/cm H/cm W/cm L/cm
nl 1.878 1 1.981 4 1.900 6 1.891 1
n2 1.900 0 1.9317 1.8818 1.899 1
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after image reconstruction
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