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(c) Worm-eaten kernel

(d) Empty seed

B 1 ERFEmE
() IEHRL: (b) . SR (o Hiflokr; (d): 270K

Fig. 1

Sample of sunflower seeds

(a): Normal seed; (b): Damaged kernel; (¢): Worm-eaten kernel; (d): Empty seed
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(a) Terahertz pulse spectrometer

(b) Terahertz transmission imaging attachment
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Fig. 2 Experimental apparatus

(a): Terahertz pulse spectrometer; (b): Terahertz transmission imaging attachment

L3 EWEGRE
SEAE AT P 1 R SUUR LR F < 8 50 1 % )

R 25 6 3 b e A b, SRR TR Al IR AR A 2% fik e i A
HEFEAES  BIE S TR )G IT IR IE NS5 . F b b 18



3386 S 5 6 M

%40 %

RO 8, EMESEE IR RE, RELEH
TeraPulse B4 HIPAT o AR 98 B A K /INRE B 38 19 SR AR 3
Bl LA 0.2 mm /p PERHAT G KB RE, RE-DTHED
FEA G T 5 B[R] 29 13~ 14 min, &5 T 77 2 308 95 06 0
G .
1.4 HiEEFE

KRG EMR & A WS, R BAR, G BRI O6W,
e 2R DA BRI A DGR AL AR 38, PR AIE 25 AR AT i BT A I Y
TR .
1.4.1 BBiEkas

TR BB ZEIEHF B ER T WA (5 B, BERIB A % B
#% (Morphological filter) # iy 41 3 8 BET 3#E 47 P15 0% Dk Ab
P, SRS BE S0 I Ih R AT — R B I K B AR . R
% M 8 2R 5 D s TR A A 22 L S T DR R R DR U
1.4.2 BA#a3 5%

BR85S T B . T I, 2T R 28 ok
TFREHEB WKL AWRERETFRILN K E
(K-means) ER 43 1 50 6 % 18 IS 1 35 46 #F BR #0474 31
K-means 8% 0] DL 52 9 285 (] A {81 BE S5 AR R0 288 Py AR B2
[ N e o

-
-
-i

| PRV

(a) Normal seed (b) Damaged kernel

(c) Worm-eaten kernel

B 15 23 B G BT A 18 3R R R B 2R Th I BT A RE AR
M BEPLEE I K AR A B i 2K bl SRR HEA
BRI I RRER BB, R HH i R /ME R R A
BRIRAZRIEH PRSI 5E B fEA s U > ST
TE RS Pl s — LA AE DX A RE AR A 24 {BLAR b 57 Y 3R 2%
Hol s SRJE RO BB RE AR R ERT 9 2R 2 o i B g, X
FEARTREATIHE, OB RO EEU LSRR, |
BRSO A A S B T 2 DX AR A T B R
L N W 1 = 2 N S N U S SN S|
S

DL b B0 AL B 5 A 28 4 Matlab2017 PRS2 0.

2 #RSTHE

R 2% VAN LB 55 e i ) 25 )6 o A 456 R I )
i EREE, BB R MR R SR — SO0 i KA
25385 5 UG B P 40 T SRR A B R 2% AR I TR 3 B . W
BEITEAEKE 1 A 25 BUARTT R 8L . A0 KF N B2 1Y JE 57T 41
0y B ARAIAFAE S BERELAR 1D S AS WA B 1 ) R

(d) Empty seed

B3 MEEZFHNRBEZESFTESR
(a): IEW R (b BRI (o MR (D 2858k

Fig. 3 Terahertz transmission images of four categories of sunflower seeds

(a): Normal seed; (b): Damaged kernel; (¢): Worm-eaten kernel; (d): Empty seed
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Fig. 4 Time-domain spectra corresponding to different

positions of sunflower seed
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Fig. 5 Terahertz image filtering results of

insect-eroded sunflower seeds
(a): 5X5 template mean filtering;

(b): 5X5 template median filtering; (c¢): NML filtering
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Fig. 6 Results of morphological filtering of insect-eroded
sunflower seeds terahertz image
(a); Original image; (b): One dilatation result;

(c): External gradient; (d): Morphological gradient
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Fig. 7 Morphological filtering results of sunflower seed

images with different states
(a): Normal seed; (b): Damaged kernel;
(¢): Worm-eaten kernel; (d): Empty seed
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Study on Internal Quality Nondestructive Detection of Sunflower Seed
Based on Terahertz Time-Domain Transmission Imaging Technology

LIU Cui-ling" ?, WANG Shao-min*'?, WU Jing-zhu" *, SUN Xiao-rong'* ?

1. School of Computer and Information Engineering, Beijing Technology and Business University, Beijing 100048, China
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100048, China

Abstract The quality of the kernels in the sunflower seed shell directly affects the quality of the edible oil. Using terahertz
time-domain transmission imaging technology combined with morphological filtering and K-means image segmentation. the three
abnormalities of sunflower seed like kernel damaged, kernel worm-eaten and empty seed were investigated to achieve to explore
the quality of seed kernels in sunflower seed hull. According to the national standards and previous experience, three kinds of
shelled sunflower seeds samples of kernel damaged, kernel worm-eaten and empty shells were prepared. The terahertz time
domain spectrometer TeraPulse 4000 and transmission imaging accessory were used to acquire the spectral images of the above
three abnormal samples at a resolution of 0. 2 mm, and a spectral image of normal sunflower seed was taken as a reference. Four
sunflower seed terahertz images were reconstructed by peak-to-peak imaging. The terahertz images can preliminarily determine
the shape of the seed kernel in the shell, but there were still problems such as low contrast and blurred edge information, which
needed further optimization. The morphological filtering algorithm was used to filter the terahertz images of sunflower seeds.
The flat diamond structure element with a side length of 3 was selected as the collation image for one expansion, and then the
external gradient of the image was calculated to complete the filtering process of the image. At the same time, the morphological
filtering results were compared with the median filtering results, the mean filtering results and the non-local mean filtering
results. It was found that the morphological filtering not only ensured the sharpness of the image, but also preserved the edge
information, and could also make an obvious boundary between the sunflower seed sample and background, which was conducive
to subsequent image segmentation processing. In order to more accurately detect the shape of the sunflower seed kernel, the
filtered images were segmented. The K-means clustering algorithm was used to segment the filtered terahertz images. In order to
improve the accuracy of the segmentation results, the number K of different initial cluster centers was determined for the images
of different samples. among which the kernel damaged K=4, the worm-eaten kernel K=5, the empty shell K=3, the normal
grain K=4. The segmented images accurately showed the morphology of the kernels in the sunflower seed hull. The study
showed that the terahertz time-domain transmission imaging technique combined with morphological filtering and K-means image
segmentation method was feasible for the non-destructive detection of the internal quality of sunflower seeds, which laid a
foundation for the establishment of non-destructive testing model for the quality of shelled sunflower seeds, and provided a new

method reference for nondestructive detection of the internal quality of shelled oil crops.

Keywords Terahertz; Time-domain imaging; Morphological filtering; K-means image segmentation; Sunflower seed; Nonde-

structive detection
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