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Development of a robot tractor implemented an omni-
directional safety system
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1 Introduction

A Robot tractor is a key technology to solve the problems for both descending number of farmers
and aging of farmers. In addition, it provides a smart platform to introduce precision farming (PA) from
ideas to application, which benefits on reducing the cost of fuel for tractors and the usage of fertilizer and
pesticide. In the research, a robot tractor was developed based on an ISOBUS-base commercialized
tractor. A Real-time Kinematic GPS (RTK-GPS) and an IMU were utilized as a position and a posture
sensor for developing a navigation system. On the other hand, robot tractors created a new challenge for
safe operation because of no driver in a robot tractor. In particular, an safeguard system covering whole
360° surrounding the robot tractor is badly needed. In this research, the omni-directional safety system
was also developed by using a newly developed omni-directional stereo vision (OSV) and two 2D laser
scanners.

I Literature review

There were many researches dealt with development of autonomous vehicles in agriculture. A
machine vision was earlier used in navigation at 1990°s due to low cost. The navigation method was
mostly based on recognizing and following crop rows. However, the machine vision system has not been
really applied because of the lack of crop rows and illumination influence on the machine vision. A
time-of-flight laser scanner is another sensor for navigation. It is a sensor acquiring local information
surrounding the robot tractor that is similar with a machine vision. With decreasing in the GPS price, the
RTK-GPS was utilized more and more for navigation, while it was also easier to perform precision
planting, spraying, etc. In addition, the safety system for a robot tractor have been also developing using a
machine vision, a laser scanner, an ultrasonic sensors in recent years. However, current safety systems are
only considering obstacles in the front of a vehicle.

IIT Research platform and sensors

The vehicle platform used in this research was an ISOBUS-base wheel type tractor (EG83, Yanmar
Co., Ltd., Japan). The specifications of the tractor are: the engine power is 61kW; the height, width and
length are 2.620, 1.750 and 3.905 m, respectively; the mass is 2840 kg. The navigation sensor used for an
open-sky field was an RTK-GPS receiver (AGI3, Topcon Co., Ltd., Japan), which also includes an IMU.
The position accuracy of the AGI3 is about £0.03 m. Drift-free roll, pitch and yaw angles can be directly
read from this sensor as well as the position data. For the safety equipment, two high-definition (HD)
omni-directional cameras (Ladybug 3, Point Grey Research Inc., Canada) were used to develop an OSV
apparatus. In addition, two 2D laser scanners (UTM-30LX, Hokuyo automatic Co., Ltd., Japan) were also
mounted in front and rear of the developed robot tractor to detect obstacles. The maximum range and
scanning field of view are 30 m and 270 degree, respectively. Therefore, two laser scanners can cover the
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whole 360° around the robot. Moreover, an emergency stop bumper, a remote controller and an
emergency stop button were implemented to the robot to stop the tractor engine in dangerous situations.

IV Development of the robot tractor navigation and safety system

There are three sub-systems of the robot tractor: a robot tractor controller PC, a robot tractor and
the omni-directional safety system. The robot tractor controller PC performs the function of pre-defining a
working path, working parameters such as speed, PTO, hitch position, etc. The robot tractor with an
electronic control unit (ECU) performs an actual field work. The safety system is used to monitor the
surroundings of the robot tractor to avoid a collision with human or other obstacles. The robot tractor
controller PC acquires position data (latitude, longitude) and posture data (roll, pitch and yaw) from the
AGI-3 and tractor status from the CANBUS (engine speed, vehicle Speed, PTO, hitch status, etc.), and
then the control parameters were calculated based on the pre-defined task plan. Finally, the parameters
were transmitted to the robot tractor via the CANBUS. The robot tractor ECU was used to receive the
control parameters from the CANBUS, and control the robot tractor according to these parameters. The
omni-directional safety system was developed based on the OSV and two laser scanners. The images
grabbed from two cameras were transmitted to a PC in the safety system. An algorithm of an optical flow
was developed to detect a human using the OSV. Moreover, the data captured from two laser scanners
were transmitted to the PC of the safety system. The algorithm based on wavelet were adopted to detect a
human using two laser scanners.

V  Experiment results

Three experiments were conducted to evaluate the robot tractor navigation system. The results of
the first experiment showed that the RMS of lateral and heading errors were 0.05 m and 0.6 degree,
respectively. The results of the second experiment showed that the robot tractor could work stably for a
long-time (4 hours and 45 minutes) with the lateral and heading errors of 0.05 m and 0.7 degree,
respectively. In the third experiment, the robot tractor was working together with a human driving tractor.
The experiment results indicated that the robot tractor could significantly improve the working efficiency
due to reducing dead time such as time of headland turn. The experiment results of the human detection
using the OSV showed that a human could be detected in the range of 4 to 11 m. The RMS error of the
distance from the sensor to the obstacle was less than 0.5 m in both stationary and moving conditions.
And, the obstacle detection accuracy was improved by using two laser scanners. The results indicated that
the system could detect an obstacle with an error of around 0.10 m in the range from 0.5m to 5 m. And the
detectable size of an obstacle was about 0.25 m high from the ground.

VI Conclusions

The robot tractor with the RTK-GPS and the IMU was developed by modifying a commercial
conventional tractor. In the field experiment, the developed robot could run under the lateral error and
heading errors of 0.05 m and 0.7 degree, respectively, in different speeds (0.6, 1 and 1.4 m/s). The
attained accuracies were fully accepted in an actual field work of an agricultural tractor. The developed
OSV apparatus had the detection error of about 0.5 m. In addition, two 2D laser scanners were also used
as a safety system. The safety system based on two 2D laser scanners had higher performance of
positioning obstacle. Since it could detect the obstacle with an error of around 0.10 m. Even a low object
such as about 0.25 m high was also able to be detected. It was concluded that the safety system was
accurate enough for ensuring safety of the robot tractor.
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Development of a robot tractor implemented an omni-
directional safety system
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