
Gator Robotics

Introduction

Raspberry plants produce biennial canes – in the first year the primocane is
usually vegetative; the primocane over-winters, becomes a floricane,
flowering, fruiting, and then dying after fruiting. In a mature planting, there
are primocanes and floricanes present. A biennial raspberry crop is managed
through many pruning and harvest methods. Pruning involves: 1) removal of
old, dead floricanes, to limit total plant density; 2) thinning out undesirable or
excess primocanes, to prevent them from competing with the fruiting
floricanes.

In this project, we have designed and built an autonomous group of robots
which can identify primocanes and floricanes, selectively cut irregularly
distributed primocanes and floricanes to a given row density, and remove the
cut plant material from the rows to clear debris on a simulated raspberry farm.

Operation Module

The operation module is used to cut and remove target canes. It consists of a
arm with 3 cutters, and 3 grippers, and a slider that can move a cutting
mechanism linearly along an arm. The decision of which cutter would be
working depends on the results of the stick detection algorithm. The robot arm
would cover half of each row in a zone. It would cover the other half when the
robot moved to the other side of the same zone.

Methods

Two robots were built to accomplish the challenge. One robot cuts off
primocanes (green sticks), the other robot reduces the density of floricanes
(yellow sticks). The two robots have the same structure, and each robot
consists of a navigation module, machine vision module, and an operation
module.

The main controller used for our robots is Raspberry Pi 3. It is equipped with a
1.2GHz 64-bit quad-core CPU, 1GB RAM, 4USB ports and an HDMI port. It also
has a camera interface (CSI), a display interface and a graphics core.

Navigation Module

The navigation module is used to achieve autonomous navigation on the
competition board. It consists the robot’s chassis, servo motors, wheels and an
IR sensor based feedback control unit. The signals will be sent to a raspberry pi
microcontroller for analysis. By integrating a PID controller and based on the
analysis, signals will be generated to control the motors. The control unit will
enable the robot to move along the edges of each row and stop at specific
locations so that the operation module can start to work.

Machine Vision Module

Machine vision was used for the robots’ navigation on the board. The
raspberry pi camera took videos of the competition board while the robot was
moving to send the robot to where its center line is aligned with the center
line of a target zone. The four corners of each zone were used as references
for the robot to stop and adjust its orientations. Also, machine vision
algorithms were applied for detecting the color and the locations of the sticks
in a zone. Firstly, the robot took an image of the zone after it stopped.
Secondly, the image was segmented into the background, red tapes, yellow
sticks and green sticks. Thirdly, corners of the zone and holes for stick holders
were detected for calculating the camera using photogrammetric methods. At
last, locations of each stick was calculated using the calibrated camera
information.
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