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I Introduction

Precision agriculture (PA) has being used for solving various problems for agriculture including the
expanding global population, shortage and aging of the workforce involved in agricultural production,
decreasing number of skilled farmers, and deteriorating environment. As an important branch of PA,
agricultural robotics allows realization of great improvement in productivity, labor saving, intelligent
operations and environment-friendly farming based on modem technologies including GPS, GIS,
expert systems and computer science. The objective of this research is to find a low-cost but effective
solution to in-field autonomous tramsportation of agricultural materials and necessities based on
technologies in agricultural robotics. The research platform was an electrical vehicle equipped with an
automatic steering system, a speed control system and a manipulating unit instead of its manually
operated mechanisms. By using a real-time kinematics GPS (RTK-GPS), an inertial measurement unit
(IMU) and a 3D camera, a map-based and target-following autonomous transportation robot vehicle
was developed. Field tests showed that the completed transportation robot vehicle was capable of
performing transportation tasks along pre-planned paths or following the target with a high level of

accuracy.
II Literature review

Agricultural robot vehicles have attracted the attention of researchers all over the world. In some
studies, an RTK-GPS, an IMU or a combination of both was used for global autonomous navigation in
an open field. A laser scanner, a CCD camera or a 3D camera was also used in some studies to detect
the surrounding environment for local guidance in an open field or in an orchard. Other studies
focused on multi-robot systems that incorporate several robot vehicles working collaboratively or
independently. Recently, many studies revealed that comprehensive analysis of information obtained
through integration of an RTK-GPS and other sensors, such as soil sensor, yield sensor and machine
vision, were done by researchers to generate prescriptions of agricultural inputs such as fertilizer and

pesticide.
III Research platform and materials

An electrical vehicle was used as the research platform that features electronic control and operation,
a 48 VDC power supply by eight 6-volt batteries, small dimensions of 2.66 (L) x 1.52 (W) x 1.33 (H)
m, a payload of 4 kN and a towing capacity of 2.7 kN. For vehicle automation, ECU components and
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sensors including a potentiometer and speed encoder were used to develop automatically operating
systems. Navigation sensors including an RTK-GPS, IMU and 3D camera were integrated into the
vehicle system for development of an autonomous transportation robot vehicle. The 3D camera was

also utilized to help the robot vehicle in avoiding collisions during map-based navigation.
IV Vehicle automation

Having the electrical vehicle as the research platform, it was necessary to modify it into an
automatically operated vehicle by installing instead of the manually operated mechanisms three
sub-systems including (1) an automatic steering system that realizes a desired steering angle through a
potentiometer, a steering mechanism and motor and a PID controller, (2) a speed control system that
keeps the robot vehicle running at a constant speed even on upslopes or downslopes, and (3) an
automatic manipulating unit that switches the robot vehicle between reverse, forward or stop by
controlling corresponding combinations of some circuits. Each sub-system had its own electric control
unit (ECU) that could communicate with other ECUs through a controller area network (CAN). The
vehicle computer, utilized for data and image processing, was also integrated as a node of the CAN.

V Autonomous transportation systems

The map-based transportation system utilized the RTK-GPS and the IMU to guide the robot vehicle
along pre-determined paths to transport agricultural materials and necessities to a destination in an
open field. In this system, a fusion algorithm was used to calculate the actual position and absolute
heading direction of the robot vehicle. A map navigation algorithm was used to calculate both lateral
and heading errors, based on which a steering controller was designed to determine the appropriate
steering angle. The target-following transportation system performed transportation tasks by following
a target person or vehicle with the 3D camera as its single navigation sensor. With a pan-tilt control
unit, the 3D camera obtained an extended field of view, up to 90 degrees for both pan and tilt
directions. Based on a pursuit strategy, the steering angle was calculated so that the robot vehicle could
adjust its heading direction quickly enough to keep the target at its center line. A PID controller was
used to keep spacing from the target by commanding the robot vehicle to run at an appropriate speed.

VI Conélusions

An autonomous navigation robot vehicle was developed by using multiple navigation sensors. An
RTK-GPS and IMU were used for a map-based transportation system, while a 3D camera was used in
a target-following transportation system. Field experiments were conducted to validate the
performance of the multi-sensor autonomous transportation robot vehicle. In map-based autonomous
navigation, the lateral and heading errors were less than 5 cm and 4 degrees, respectively, in terms of
straight lines at an average speed of 1.5 nv/s. In following a person as a target moving almost along a
straight line at a speed of 1.12 my/s, the spacing and deflection angle had RMS errors of 1.0 m and 1.33
degrees, respectively. To verify the performance of the obstacle detection system, we let the field robot
run autonomously when a person walked into its paths. Results showed that the robot vehicle avoided

the obstacle by slowing down or stopping when the person was sensed as an obstacle.
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