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Guidance line extraction for agricultural mobile robot based on artificial
bee colony algorithm under natural light condition
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Abstract: To solve the problems such as slow recognition speed, low detection accuracy and sensitive to illumination
variation in extraction methods for navigation reference lines of conventional agricultural mobile robots, a new navigation
line extraction method based on artificial bee colony algorithm under natural light condition was proposed. Firstly, the crop
images obtained by visual sensor were grayed, and image entropy was used to estimate the quality of the images. When the
illumination condition varied, exposure time of the vidicon was adjusted online to make the quality of the obtained images in

the best condition, so as to enhance the adaptability of further image processing to illumination variation. Secondly, the Ot-

su algorithm was used to separate the crop information from
7 B H3:2020-01-18 soil background, the redundant information of weeds in the
EW B KT HERNHTRIH (JWK1613) binary images was eliminated by morphological filtering al-
YEE R R TE (1983-) , 55, KR IE A 10, PRI, 22 ks gorithm. Finally, grey vertical projection method was adopt

A A A AR B A6 B AR T A BF 58, (Eemail ) on the top and bottom of the images to obtain the position

373414672@ qq.com of crop row and extract feature points. Two feature points
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were searched by artificial bee colony algorithm, and the formed straight line included the most target points and was used

as the center line of crop rows, then the navigation path was obtained. The results showed that exposure time adjustment

method based on image entropy could effectively reduce the effect of illumination variation on following image processing un-

der different illumination conditions. The guidance line extraction method based on artificial bee colony algorithm could rec-

ognize crop rows and navigation path quickly and effectively. The time for processing an image with 640x480 pixels was a-

bout 76.4 ms. Compared with conventional guidance line extraction algorithms, the artificial bee colony algorithm showed

the advantages of fast detection and high accuracy. The research improves the recognition accuracy of navigation path for ag-

ricultural mobile robots working in the fields.
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Fig.1 Effect of image acquisition and processing under the

condition of exposure time adjustment
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Fig.2 Effect of image acquisition and processing under the

condition of constant exposure time
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Fig.3 Noise-suppressed processing of images by morphological

filtering
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Fig.4 Regional detection and feature points extraction of crop
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Fig.5 Extraction effect of navigation path

Al FBILAR N Y I RE S SR B, T
R GEA5H ARBTG5 e 6 18 7 B

TR AL
st PR ] e L ity i
1]
il
¥
DAL || e s || ORI RIS 5] W ie
e E'Fﬁﬂfm TibL 5 2
i M
R

Ele6 RUBHIEZARTEMIER

Fig.6 System structure diagram of agricultural mobile robots
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Fig.7 Experimental platform of agricultural mobile robots
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Fig.8 Correlation curves of relative error rate in image segmentation under different illumination conditions
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F1 EXFREKMRERRINSMBEZEGHES THREN
Table 1 Number of images whose guidance lines can be identified
accurately and the average computing time in different

growth stages of corns

AR VA 5 AN ] o EEAE A A P RSO (R S gy

BT 18 2 3 (ms)
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/N ek 30 28 26 72.5
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Fig.9 Extraction of navigation path under the condition of

high weeds density
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Fig.10 Extraction of navigation path under the condition of

low weeds density
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Table 2 Comparison of guidance line parameters of different algorithms
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ﬂijt ’ W/J\gﬁ%{}\z ’ }\Tﬂ%ﬁi%/iﬂid\ N Fh %:z 4 Table 3 Error of navigation path by different algorithms
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Fig.11 Tracking results of guidance line by Hough transform algorithm
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Fig.12 Tracking results of guidance line by least square algorithm
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Fig.13 Tracking results of guidance line by artificial bee colony algorithm
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Table 4 Errors of navigation path tracking by three guidance line recognition algorithms under different speeds of agricultural mobile robot
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