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Fig.2 Experiment equipment of crop seed 3D reconstruction
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Fig.3 Flow chart of crop seed 3D reconstruction
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Fig.4 Experimental original image
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Fig.6 3D reconstruction model of crop seed sequence image
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Table 1 Character value of 3D reconstruction
mm
AL BrAE 255 1 ARSI E7K KAk
Character value XinDao Hongshil Hongshi8 Yangnong Tianyou

K ¥ Length 6.125~7.652 6.376~7.717 6.102~7.808 6.194~7.825 6.293~7.727
Wi B Width 2.968~3.82 3.054~3.735 3.090~3.735 3.017~3.674 3.138~3.893
/% Height 2.034~2.356 1.925~2.342 2.123~2.421 2.112~2.682 2.108~2.874

JE 4K Perimeter 16.615~20.995 17.067~20.529 12.930~21.312 16.466~20.311 17.013~20.653
KAl Long axis 2.875~3.664 2.934~3.633 2.874~3.507 2.9~3.534 2.819~3.519
Hi5h+K: Short axis 1.424~1.802 1.405~1.809 1.410~1.720 1.41~1.775 1.441~1.761
I KA% Maximum radius 3.238~4.422 3.317~4.482 3.239~4.682 3.2~4.437 3.297~4.436
fe/h 4% Minimum radius 1.357~1.801 1.357~1.802 1.392~1.799 1.548~1.53 1.459~1.783
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Table 2 Performance comparison of 3D reconstruction
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Table 3 Recognition rate of crop seed
% TR
BP #2294 5% .{b%ﬁ\ Identification rate of rice seed/%
BP neural network algorithm Trai e b Fei 4521 528 713 N
TAILIE [uLber XinDao Hongshil Hongshi8 Yangnong Tianyou
SDBP 5000 100 50 70 80 60
BREE F Bk 5000 100 50 50 70 50
Gradient Descent
YR B2 3 K
REBNEN DK 43858 100 80 90 70 80
Adaptive learning
¥4 BP
Elastic BP 1969 100 90 90 90 90
Fletcher-Reeves 638 100 80 80 70 90
Polak-Ribiers 562 100 80 80 80 90
Powell-Beale 910 100 90 80 90 90
dih -
.Aﬁﬁ& . 457 100 90 90 70 90
Conjugate gradient
b 2 i
.M\q:b‘ﬁ{i . 361 100 80 90 80 90
Quasi-Newton algorithm
— 3 HIEki%: Secant method 1709 100 90 90 70 90
Levenberg-Marquardt 18 100 70 90 80 90
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Variety identification of rice seed based on three-dimensional
reconstruction method of sequence images

Qian Yan'?, Yin Wenqing'*, Lin Xiangze, Ding Yongqian®, Fen Xuebin®
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China;
2. Jiangsu Province Engineering Lab for Modern Facility Agriculture Technology & Equipment, Nanjing 210031, China)

Abstract: Rice seed surface morphology is an important aspect of seed purity identification and recognition.
Considering that artificial recognition and identification methods have some faults, which including low
efficiency, high labor costs, and poor accuracy. So scientifically selecting quality rice seeds by using computer
vision methods is important. Different models and methods have been established in the field of crop seed
identification. Studies on rice seed speciation analysis methods indicate that the current detection methods in
computer vision mainly analyze 2D information and that the use of 3D models is lacking. This paper proposes a
3D rice seed reconstruction system which can be used to measure the morphology of rice seed, with more accurate
shape measure parameters and more comprehensive appearance characteristics and defect expression.

In this paper, a new crop seed reconstruction system that supports fast and accurate recognition was designed
to build a 3D surface morphology. The depth-from-focus (DFF) method was applied in the analysis of crop
surface morphology. Image sequences were acquired by using a specific vision device through setting different
distances between the camera lens and the rice seed. High-pass filtering was used to extract pixels and analyze
strength value changes in the frequency domain. The second-order differential was employed to strengthen the
value in the frequency domain by using the improved Laplacian operator. The threshold statistical analysis was
conducted in pixel windows, by which each pixel generated a value which showed the focusing condition. The
focusing measure of the image sequence effectively determined the estimated depth value of a pixel, and a
focusing pixel stack could be defined based on these values. Using the characteristics of the Gaussian distribution
of the focal depth estimation value, the Gaussian interpolation was calculated to obtain a more precise surface
morphology depth value. As a result, a depth image collected based on the estimated depth value of the pixel was
developed. Finally, through depth image smoothing and edge pixel processing, a 3D point cloud could be
produced. Thus, a rice seed reconstruction system which can be used in rice seed identification and recognition
was designed. This novel system supports three main patterns, namely, shape, texture, and 3D recognition.

Through further calculations, the surface morphology characteristics of seed are obtained. The new 3D
surface morphology reconstruction system can effectively overcome the deficiencies of traditional seed speciation
analysis methods and can be served as an important reference for researchers. Finally, the BP neural network
model was constructed to support the variety identification. Suitable neural network algorithm was selected for
five different sorts of rice seed, and the final identification rate is 90%. The research can provide a reference for
study of three-dimension shape and texture in automation crops variety identification field.

Key words: computer vision; neural networks; image recognition; sequence image; three-dimensional
reconstruction; depth from focus (DFF); variety; rice seed
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