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Measurement Method of Maize Ear Characters Based on Machine Vision
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Abstract; In the process of maize breeding, yield tests and the improvement of maize production and the
examination, including the measurement of the length, diameters, row numbers, grain numbers per row
and grain numbers of ears, is necessary. However, manual examination utilized for a long time not only
needs to spend a lot of manpower and resources, but also has many problems, such as high labor
intensity, low efficiency of observation and the non-objective and inaccurate results caused by human
interference , greatly limiting the speed and accuracy of the operation. Therefore, an automatic equipment
of examination with the machine-vision was presented. The colour images of single-face characters of
maize ears were obtained by industrial cameras through USB. Then the model |B —R| and (G + B)/2
were respectively applied to gray the colour images. After that, the method of segmentation of one-
dimension maximum entropy was used to achieve binaryzation, obtaining binary images of contours and
features of ears separately. Moreover, these two kinds of images were corrected automatically by the
calculation of angles of ear contours of binary images. Based on the calibration of cameras, the unit pixel
corresponding to the actual value could be gained and then the length and diameters of ears could be
calculated. In addition, the width of rows of ears could be got by the scanning of points of horizontal
black background and correction of scanning curves, according to the extraction of local features of

binaryzation images. The number of rows of ears could be obtained by the modified model of numbers of
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rows. Furthermore, by the extraction of binaryzation images of local features of single line of grains, the
number of grains of rows could be obtained, based on the scanning of the points of black background and
its modified curve. Finally, the total number of grains of ears could be computed by the numbers of rows
and that of grains in single row. The experimental results showed that the average accuracy of
measurement of ear length and ear diameter were 98. 05% and 97.99% ; the correct rate of measurement
of row numbers was 95% ; the average measurement accuracy of the number of grains per row was
96.29% ; and the average accuracy of measurement of grain numbers was 95. 67% . Furthermore, T-test
was conducted to compare the difference with the standard value, demonstrating that there was no
significant difference and the equipment was of reliability. The average speed of measurement of the
whole ear was less than 600 ms per ear, and the measurement speed of the test system was within 6 s per
ear, meeting the requirement of the automatic equipment of examination. This research provided the basis

of equipment and technology for the modern seed industry, even for the development of agricultural

2020 4

information technology.
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Fig.4 Original image preprocessing
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Fig.7 Extraction effect of maize ear contour
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Fig.9 Maize ear feature extraction effect
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Fig. 15 Maize ear samples
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Tab.1 Results of experiment
RAE B TIPR AR BERHLSZPR O REMLDNGE  REATRCSE REATEON MATHOR TR ATRBON BRI YR el
P fd/mm {f/mm fEL/mm fH/mm  PR{E/FT EAE/FT BEAT BRER i fH/ R G (EVE A i {E /AL
1 186.2 185. 1 47.7 47.4 16 16.0 16 38 38.3 624 612.5
2 203.3 203.5 45.4 44.2 16 15.9 16 42 40.9 687 654.0
3 177.0 181.1 43.3 43.2 14 13.2 14 38 37.2 506 520.8
4 172.6 175.5 48.6 48.4 18 18.1 18 35 36. 1 672 650. 1
5 161.0 162.0 45.1 46.1 18 18.2 18 34 35.5 626 639.9
6 177.2 176. 4 45.0 46.1 18 18.7 18 36 33.3 631 600. 0
7 189.8 190. 1 46.9 45.7 14 14.5 14 42 41.7 539 584.3
8 194.0 198.9 50.6 51.1 16 17.2 18 38 40. 6 624 731.7
9 189. 1 195.5 47.4 48.4 14 13.5 14 45 43.5 622 608. 5
10 191.5 193.9 50.4 49.9 16 15.3 16 38 41.3 613 660. 8
11 174.5 176. 1 43.9 43.2 16 15.9 16 38 38.3 602 612.1
12 151.2 152.3 43.4 41.1 14 13.3 14 28 24.0 341 336.6
13 171.1 164.6 48.6 48.3 14 14.3 14 37 36.9 524 516.0
14 161.3 165.5 48.0 48.7 16 16.5 16 38 38.7 591 619.7
15 165.2 174.0 50.8 51.9 16 16.3 16 35 35.5 551 568.7
16 153.0 156. 6 45.2 46.8 14 14.6 14 31 32.3 466 452.3
17 160. 5 162. 6 45.9 45.2 14 13.5 14 35 34.5 518 483.5
18 173.5 180.7 47.3 47.4 12 11.9 12 41 41.8 517 502.0
19 143.5 148.0 48.9 46.0 16 16.0 16 32 31.1 508 498.2
20 165.2 162. 4 47.3 46.1 12 12.3 12 36 37.8 436 453.2
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Tab.2 Results of data analysis

S8 BRI/ % F/NR 2/ % TR/ D TR/ % EHE % T 22 o 8 38 43 A Mg
K 5.36 0.11 1.95 98.05 0.0146 0.6627
A 5.99 0.23 2.01 97.99 0.0156 0.7632
TEATHL 95
(FR % 14.13 0.39 3.71 96. 29 0.0340 0.926 0
TURL B 17.26 1.29 4.33 95. 67 0.0367 0.8512
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