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Design and experiment of the remote-control
system for fruit tree pruners

HUANG Shuo"**, YANG Fang"*?, SHEN Yijun',ZENG Lang',
HE Shihao', PAN Haibing"**, LT Shanjun"**

1.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equipment in Mid-1Lower
Yangtze River, Huazhong Agricultural University, Wuhan 430070, China;
3.Ministry of Agriculture and Rural Affairs Citrus Mechanization Research Base, Wuhan 430070, China

Abstract A remote-control system for fruit tree pruners was designed based on the Internet of
Things (IoTs) and electro-hydraulic driving architecture to solve the problems of the low level of automa-
tion in the process of pruning fruit tree. The control system for fruit tree pruners was mainly consisted of a
hydraulic drive module, a main control module, a communication module, a perception module, and a hu-
man-phone interaction module to complete the monitoring and remote control of the joint position of the
pruner and cooperate with the start-stop of the hydraulic motor to complete the tasks of mechanical pruning
of fruit trees. The improved Denavit-Hartenberg (D-H) parameter method was used to establish the kine-
matic model of fruit tree pruner. The kinematic model of pruner was verified with Matlab Robotics Tool~
box, and the theoretical workspace of each pruning mechanism was solved with Monte Carlo algorithm.
The specific sensors, controllers and hydraulic valves were selected according to the characteristics of joint
motion to design an application layer control scheme for the IoTs system. The network layer of the IoTs
system was established based on the UART-Wi-Fi module ESP8266 to realize remote monitoring and com-
munication between the mobile phone APP-cloud server-pruner.A mobile phone APP with human-phone in-
teraction interface for the convenience of easy use and quick start was designed to enable the reading of the
joint positional status of the pruner and the sending of control instructions through the human-phone interac-
tion interface to automatically adjust the position of pruner.A experiment at an open area for viewing the ra-
pidity and accuracy of the machine prototype was conducted. The results of testing the prototype showed
that the positioning errors of the mobile joints were within ==0.5 mm, the positioning error of each rotating
joint was less than 2°, and the control and adjustment time of each joint motion to the limit stroke was be-
tween 1.14-9.21 s, with good adjustment time.It is indicated that the fruit tree pruner based on the IoTs ar-
chitecture has a high degree of automation and a simple mode of operation, and has certain application val-
ue in practically pruning fruit trees.

Keywords pruning fruit trees; robot kinematics; internet of things (IoTs) ; D-H methods ; remote
control
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