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I Introduction

The agronomic researchers are finding solutions to address the problems of the severe labor shortage in
agriculture, the ever-growing population, the aging farmers especially in Japan and in the USA, the agricultural
production cost, and the declining number of skilled workforce. One way to solve these problems is by
adopting key technologies of precision agriculture such as GPS and GIS. Precision agriculture or precision
farming is an advanced bio-production system based on information technology and robotic technology. In this
research, robotic technology was adopted to develop an electronic utility robot vehicle which is one of the
applications of precision agriculture. The robotic technology uses new technologies such as RTK-GPS
(Real-time kinematic global positioning system), laser scanner, 3-D (three-dimensional) camera, GNSS
(Global navigation satellite system), gyroscopes, an omni-directional camera, etc. in guiding the robot
vehicle in an autonomous navigation. The research dealt with the development of an ECU (Electronic
control unit), a steering system, and a speed controller which were necessary to modify the electronic
vehicle into an electronic robot vehicle. The electronic robot vehicle was tested in an open-field and
orchard applications. An open-field application used GPS signal in an autonomous navigation. On the
other hand, an orchard application used a laser scanner as a navigation sensor where the GPS signal is not
available.

II Literature review

Numerous related researches were reviewed on the application of autonomous vehicles in
agriculture. Most of the researches about vehicle automation in an open-field used GPS fused with
gyroscope or an IMU (Inertial measurement unit) and for an orchard application used the laser scanner
and CCD (Charge-coupled device) cameras as navigation sensors. There were also researches studied
about the autonomous vehicle application in master-slave robot vehicles, multiple-robot combine
harvesters, and greenhouse robot vehicles. Recent studies showed that the research areas in the autonomous
machine systems and robot vehicles for bio-production science have been extending greatly especially the
advances of the intelligence and information technologies. This is due to the advent of the GPS application in
precis;ion agriculture that makes the autonomous vehicle development possible.

III Research platform, navigation sensors, and materials

The platform used in this research was an Electric Utility Vehicle (E-Gator, Deere and Co.). The
vehicle is electronically operated using 48-VDC composed of 8-batteries with 6-volt each. It has
dimensions (L x W x H) of 2.66, 1.52, 1.13 m, respectively with a weight of 634 kgs including batteries
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and without any modifications. The navigation sensors used for an open field application to follow a
predetermined-path were RTK-GPS, IMU, and GPS compass. And, to recognize the tree rows as
straight-line in an orchard application, a 2-D (two-dimensional) laser scanner was used as the navigation

sensor. A rotary encoder was used to control the motor of the electronic robot vehicle during the
autonomous navigation. And, for safety purpose a wireless telecom switch was used for emergency stop.

IV Hardware development

In this research, there were three (3) hardwares that were developed needed to modify the
electronic utility vehicle into a robot vehicle. (1) An ECU (Electronic control unit) was developed to
control the basic functions of the electronic robot vehicle during the autonomous navigation such as
movement (forward, backward, and neutral), speed, steering, and emergency stop (manual or remote
switch). (2) An automatic steering system was developed to implement the command coming from the
steering controller. Steering controller is the control system that converts a control signal from the
steering feedback sensor to an appropriate mechanical adjustment in the steering angle. (3) And, a speed
controller was developed to control the speed of the vehicle: The speed controller was necessary to
include in the vehicle model to control the vehicle in down or up slopes in terrain or ramps.

V Autonomous navigation systems

Before the actual autonomous navigation of the electronic utility robot vehicle, autonomous
navigation systems were developed for open-field and orchard applications. Lateral and heading errors
were the two-important parameters needed to calculate the steering angle in guiding the vehicle in an
autonomous navigation. In an open-field application, there were two types of control methods used to
obtain these parameters; (1) RTK-GPS and IMU sensor fusion, and (2) RTK-GPS and GPS compass
sensor integration. LSM (Least squared method) was adopted in RTK-GPS and IMU sensor fusion to get
the lateral and heading errors. For RTK-GPS and GPS compass sensor integration, RTK-GPS was used to
obtain the lateral error and a GPS compass directly output the heading error without any computation. In
an orchard application, 2-D laser scanner was used as the navigation sensor and Hough transform
algorithm was adopted to recognize the tree rows as straight line. Experiment runs were conducted using
these two-navigation systems both in an open-field and an orchard application in different speeds.

VI Conclusion

These developed hardwares were tested by conducting experiments in an autonomous navigation in
an open-field and an orchard application. An RTK-GPS, an IMU, and a GPS compass were used as
navigation sensors in an open-filed autonomous navigation, and 2-D laser scanner was used as navigation
in an orchard application. In an open-field application, the lateral and heading RMS errors using
RTK-GPS and IMU sensor fusion were 0.021 m and 0.26 deg, respectively with a speed of 1.07 m/s, and
the lateral and heading RMS errors using RTK-GPS and a GPS compass sensor integration were 0.032 m
and 1.53 deg, respectively with a speed of 1.05 m/s. In an orchard application, the lateral and heading
RMS errors using laser scanner as navigation sensor were 0.135 m and 1.7 deg, respectively with a speed
of 0.86 m/s. The lateral and heading error evaluated accuracies were enough to navigate the electronic
robot vehicle in open-field and orchard applications. Also, different autonomous navigation runs were
conducted in different speeds in an open-field application. This method determined the maximum speed
that the vehicle could run in an autonomous navigation with acceptable evaluated accuracy. The
RTK-GPS and IMU sensor fusion, and RTK-GPS and GPS compass sensor integration maximum speeds
were 1.76 m/s and 1.5 m/s, respectively.
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