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Table 3 The representation method of obstacle layer
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Table 4 The error of check points

) JeAedRiR 7 RAAFR IR ZE YR ZE

Point Error of north/m Error of east/m Average error/m
P, —0.031 0.146 0.089
P, 0.020 0.134 0.057
Py -0.013 0.141 0.077
Py -0.005 8 0.167 0.086
Ps 0.008 8 0.157 0.074
Ps 0.018 0.151 0.067
P, 0.025 0.127 0.051
Py -0.010 0.142 0.076
Py 0.015 0.122 0.054
Pio 0.005 7 0.127 0.061
Py 0.018 0.132 0.057
P 0.001 8 0.128 0.063
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Table 5 Error of line elements
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Line Length between check Length between Error in line
segment points/m mapping points/m elements/m

PP, 15.210 15.249 -0.039

P\Ps 54.032 54.050 -0.019

PPy 93.945 93.972 -0.027
PyoP1y 71.822 71.818 0.004
PioPry 93.116 93.115 0.001
Py\Py> 21.376 21.380 -0.004
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High precision farmland map construction for unmanned agricultural
machinery

Zhao Xin, Wang Wanli, Dong Liang, Xu Yuanyuan, Wang Ke, Zhai Weixin, Wu Caicong™
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China;
2. Key Laboratory of Agricultural Machinery Monitoring and Big Data Applications, Ministry of Agriculture and Rural Affairs,
Beijing 100083, China)

Abstract: The problem of agricultural labor shortage and high cost has become increasingly prominent, and the research and
development of unmanned agricultural machinery technology are imperative. In order to meet the needs of unmanned
agricultural machinery for high-precision farmland maps, a method of high-precision farmland map construction was proposed.
Since the obstacles, facilities, and boundaries were complex infield, it was different to construct the high-precision map in the
field than on the road. The main work of this paper includes five tasks: 1) defining different map layers by agricultural features;
2) collecting the field photograph via UAV in Heinanzhai Town, Miyun District, Beijing; 3)constructing the dense point cloud
and 3D model through aerial slice stitching and processing; 4) annotating the dense point cloud data with different layer types
to construct final maps; 5) The feature recognition, semantic definition and map annotation are carried out based on Autoware.
For the different levels of unmanned agricultural machines and various scenarios needs, the high precision maps should be
designed and implemented in layers, a five-layer high precision map construction was proposed, which included a field
boundary layer, static obstacle layer, operational information layer, dynamic perception layer, and brain-like layer. The field
boundary layer and static obstacle layer which can satisfy the demand for the tracing operation in a closed environment was
built. For the field boundary layer, the boundary lines, the entrance and exit data structure, and the corresponding topological
relationships were considered. For the obstacle layer, shapes such as curves, polygons, circles, and rectangles were used to
describe various obstacles with different geometric properties. The tests were conducted in clear weather, and 511 images were
obtained from the aerial survey. All the aerials were positioned in a fixed position. 12 target inspection points were evenly
arranged in the field, entrance, exit, and roadside before the flight, and the precise location was obtained by GNSS equipment.
The results showed that the absolute accuracy of the in-field high-precision map constructed through the method proposed in
this paper was better than 7 cm, and the variance of the coordinate difference of 12 checkpoints was less than 2 cm. The
average error and standard deviation of line elements were better than 2 cm; the average error rate of surface elements was
better than 0.2%. As the prior knowledge of unmanned agricultural path planning and control systems, high precision maps
reduced the network bandwidth without redundant sensors, reduce the requirements of computing capacity and data processing
difficulties, not only meet the requirements of unmanned agricultural machines for automatic driving and field operations but
also provide prior information for farmland management, path planning, and perceptual assistance.

Keywords: agricultural machinery; unmanned driving; high precision map; aerial photogrammetry; Autoware



