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Fig.1 Structure diagram of navigation system for greenhouse
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Fig.2 Hardware structure diagram of on-board system
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Fig. 3 Schematic diagram of vehicle chassis shielding laser
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Fig.4 Software structure of navigation system for greenhouse
transportation robot
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Fig 5 Implementation process of navigation function
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Table 1 Comparisons of the drawing effects of different LIDAR
installation methods
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Fig.9 Schematic diagram of navigation marking position and
infrared sensor installation location
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Table 2 Results of real-time obstacle avoidance test for on-board system with different LIDAR installation methods

FEES S WOLTER LB AT/FXUAUG S Front and rear dual LIDAR HT#OGTE X Front LIDAR JEWOt T 1L Rear LIDAR
Distance between obstacle
and vehicle system/cm 4 B 4 B A B
15 0 0 0 1 1 0
20 0 0 0 1 1 0
25 0 0 0 1 1 0
30 0 0 0 1 1 0
35 0 0 0 0 1 0

TE: 1 FR RS S RS R R, 0 FR R S A AR R AR s A FORFEIRACL A S SR T R B, 4=0, 1; B FRFIRARI LS

TR ERE, B=0, 1.

Note: 1 means the vehicle chassis collides with the obstacle, 0 means the vehicle chassis does not collide with the obstacle; 4 indicates whether the head of the vehicle
chassis collides with the obstacle, 4=0, 1; B indicates whether the rear of the vehicle chassis collides with the obstacle, B=0, 1.
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{2 Longitudinal deviation/cm

F [l % Lateral deviation/cm Wil 2 Course deviation/(°)
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Table 4 Statistics of lateral deviation
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Speed/(m's™) TestNo Maximum/cm Minimum/cm Average/cm .
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1 9.7 -8.3 2.8 2.8
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05 2 13.1 -12.7 8.1 2.8
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3 17.2 -17.4 11.9 4.5
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Development of dual-lidar navigation system for greenhouse
transportation robot

Hou Jialin'?, Pu Wenyang®, Li Tianhua'~?, Ding Xiaoming®
(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China; 2. Shandong Provincial
Engineering Laboratory of Agricultural Equipment Intelligence, Taian 271018, China; 3. Institute of Protected Agriculture, Academy of
Agricultural Planning and Engineering, Ministry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: In order to solve the problem of autonomous navigation of robots in greenhouse environment, a navigation system
for greenhouse transportation robot based on dual-lidar was developed in this paper, The navigation system consisted of front
and rear lidar, compared with the single lidar, the front and rear double lidar could increase the scanning range, reduce the
blind area of tracing, improve the efficiency and accuracy of surveying and mapping, and improve the real-time obstacle
avoidance ability of the robot. The navigation system of greenhouse transportation robot was composed of a remote monitoring
platform and an on-board system. The remote monitoring platform was responsible for selecting the working mode of the
on-board system, issuing the the instruction of target points and displaying the location information of the on-board system. As
the executor of the instructions, the on-board system was responsible for receiving and executing task instructions ordered by
the monitoring platform. Through the real-time communication through wireless network, the remote monitoring platform and
the on-board system jointly complete the autonomous navigation task of greenhouse transportation robot. The on-board system
hardware mainly consisted of a driving module, a control module, an environmental information perception module, a
communication module and a power supply module. The on-board systems software was divided into three layers, user
interaction layer, information processing layer and execution layer. The user interaction layer was an open-source
Ubuntu-based navigation task scheduler that responsible for adjusting the working mode of the on-board system and issuing
target points instructions. The information processing layer was the real-time positioning and map building and fixed-point
navigation program based on the Robot Operating System(ROS), which was responsible for collecting the motion information
of on-board system and environmental information from lidar, and conducting information fusion. According to the control
command and on-board system position and attitude information, map construction, path planning and autonomous navigation
were carried out. The executive layer was the mobile platform control program based on the open source real-time operating
system of Ubuntu. By collecting the speed information of the encoder, the classical PID algorithm was used to adjust and
output the desired Pulse Width Modulation(PWM) wave to control the motor speed, so as to realize the stable and safe
movement of the on-board system. The dynamic window algorithm was used to plan the local optimal path to reduce walking
time and energy consumption. The test results showed that when the on-board system ran at the speed of 0.2, 0.5 and 0.8 m/s ,
the average deviation and the standard deviation between the actual navigation path and the target path was less than 13 and 5
cm, respectively; the average value, the root mean square error, the standard deviation of the lateral deviation and longitudinal
deviation at each target point was not more than 9, 11.2 and 5 cm, respectively; the average value, the root mean square error,
and the standard deviation of the course deviation was less than 10°, 12° and 6°, respectively, which met the navigation
accuracy requirements of robot transportation in greenhouse.

Keywords: greenhouse; robots; navigation; dual-lidar
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