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Fig.1 Track-type sprayer for autonomous navigation
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Fig.2 Entire design of the system
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Table 1 Performance parameters of the attitude sensor of 100D2
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Fig.3 Modification of orientation and pose by the data from Lidar
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Note: The light and dark parts in the figure are respectively the point cloud data of the citrus canopy on the left and right sides of the orange orchard scanned by lidar. L1
and L6 are the tree rows on the left and right sides fitted by the least square method, and L4 is the center line of the tree rows on the left and right sides fitted by the least
square method. L2 and L5 are the marginal lines of support vector machine classification, and L3 are the center lines of the two marginal lines of classification. The

black circle are support vectors.
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Fig.6 Navigation line comparison between least squares and the proposed navigation method
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Fig.7 Real-time navigation paths for each test scene
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a. Row 1 b.
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b. 172

c. 173
c. Row 3

Row 2

Note: The black dots in the figure are the pine trunks scanned by the lidar. Linel, Line2, and Line3 are the navigation trajectories of one line in the area, and the direction

of the arrow represents the navigation direction of the operation platform.
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Inter-row automatic navigation method by combining least square and
SVM in forestry

Liu Xingxing®, Zhang Chao?, Zhang Hao', Yang Shenghui’, Jiang Shijie?,
Zheng Yongjun®**, Su Daobilige’, Wan Chang'®

(1. College of Engineering, China Agricultural University, Beijing 100083, China; 2. Engineering Research Center of Agricultural
Equipment and Facilities, Ministry of Education, Beijing 100083, China; 3. College of Mechanical and Electrical Engineering, Tarim
University, Alar 843300, China)

Abstract: Autonomous navigation has widely been served as agricultural working platforms in smart farming. A few kinds of
sensors, such as GPS and camera, are commonly used as conventional. However, the automatic navigation cannot be extended
suitable for orchard environment, due mainly to canopy closing and the variation of light intensity. In this study, an inter-row
automatic navigation was developed for a track chassis using an Inertial Measurement Unit (IMU) and Light Detection And
Ranging (LIDAR), thereby improving the capability of in-orchard navigation under agricultural working platforms. The track
chassis was specifically developed for orchard conditions, including a chassis, a driving implement, a power implement, and a
range extender, where the specific size was 1575 mmx1 190 mmx1 355 mm. The detection and control systems were
performed on a host and a slave computer. The host computer was in charge of data processing to obtain navigation paths and
orders, while the slave one was to control motors using Pulse-Width Modulation (PWM). An SC-AHRS-100D2 was selected
as the IMU in sensors and units, while RPLIDAR S1 was utilized as the LIDAR scanner. The orientation and pose of the
platform were acquired under the IMU. Meanwhile, the orchard condition was also scanned by the LIDAR. First, the
orientation and pose from the IMU were exploited to modify the data from the LIDAR, so that the platform remained in correct
moving directions. Quaternions were transformed into Euler angles during the data processing. The tree lines on both sides
were then extracted using least square, where an average line between two lines was calculated. Next, mathematical models
were established to combine with the Support Vector Machine (SVM). An optimized classification line of environment
between tree lines was computed as the navigation path of the track chassis platform, in order to ensure a maximum interval
between the tree lines on both sides. Moreover, a Proportional-Incremental-Differential (PID) controller was employed to
control the platform motion using the path information, where the lateral bias was selected as the evaluation standard. A series
of field tests were conducted in the Bajiajiaoye Park (Dongsheng Street, Haidian District, Beijing), an apple orchard in Pinggu
District, Beijing, and a citrus orchard in Guangan County, Sichuan Province of China. The data captured in the Bajiajiaoye
Park was taken as the research case with several real conditions, where the trees were selected as the test environment. LIDAR
was installed in the front of the track chassis, while each condition was tested three times. The speed of the chassis was 0.5 m/s.
The results showed that the maximum size of the absolute value of lateral errors was 17.8 mm, and the maximum number of
lateral errors was 107.7 mm. High performance was achieved in the automatic navigation, while the track chassis followed the
central line between the fruit trees, according to the statistical values of lateral errors and the trajectory of the track chassis.
Furthermore, excellent adaptability was also obtained for various situations. This finding can offer a potential technical
reference on the wayfinding for the autonomous navigation of ground sprayers in orchards and forestry.

Keywords: Lidar; navigation; least square; support vector machine; ground equipment



