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Abstract

Electronics, software and sensor systems have become key technologies in agriculture. Future 
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highest relevance for a step from present research activities towards prototypes. The application 
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an interdisciplinary cooperation with partners from electronic and agricultural industry as well 

as research institutions from engineering and agriculture. The vehicle is based on four wheel hub 
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changing height positions. Multi-sensor fusion − including complex sensor systems like spectral 

����	��	��#$�
���%��%!���
�������&�	�����'%$()*����
�����������������	��	��������

plant phenotyping. The navigation concept of BoniRob is based on probabilistic robotics. A 

Gazebo-based 3D simulation environment for BoniRob is developed, including options for data 
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extended BBCH scale. As an additional option mapping of plant diseases based on spectral imaging 
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respect to food, energy as well as landscape conservation. In particular, electronics, communications 

and sensor technologies are strongly pushing innovations in agriculture and have become key 
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The state-of-the-art technology already allows the autonomation of existing agricultural machines 

(Niehaus et al.,�7889:���������
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of research in the past years and high volume future markets are expected in various applications, 

including agriculture and forestry (Siciliano and Khatib, 2008). For example Blackmore et al. 
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including a variety of future technical applications in agriculture. Pedersen et al. (2006) have 

already investigated economical aspects for agricultural robots.

However, whenever technology meets nature, considerable technical and non-technical challenges 

have to be solved. In most applications the robots are acting outdoor, in a complex and changing 

environment with varying conditions, such as light, wind, temperature or dust. In practice, the 

yearly International Field Robot Event as described by Van Henten et al. (2007) gives an insight 
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and application examples – such as weed control – are major tasks. The high challenge for the 

���
���
���	���������	����������"�	����	�����������	��
��	���������	�������
�
�
�������

�����
	�������
�����	��������
������;�����	��	�������
����	
�����
��	��������
����
�
�������	�

�
�	������������
�������������
��������	�����
��������5�����	��O��	���
����������
������

robust platform will be an important next step for autonomous agricultural robots. Since the robot 

development already includes a high complexity, the application itself should be of comparably 

low complexity. The implementation of additional mechatronic systems, such as weeding or 

seeding, will increase the complexity due to technical and logistical aspects and thus reduce the 

probability for the development of a robust system. Furthermore, the economical competition of 
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In order to evaluate breeding processes or the crop status, the characterization of plants and 
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by Thomas (2006). There is a need for further development of corresponding methods and sensor 

systems with high accuracy. Moreover, the correlation of interpreted sensor data with plant 

parameters should be based on a standardized description of plant development stages. The Extended 

BBCH (Biologische Bundesanstalt, Bundessortenamt and Chemical Industry) scale as described 

by Meier and Bleiholder (2007) is such a system for a uniform coding of phonologically similar 

growth stages. If the non-destructive dynamical measurement of plant parameters is combined 

with a high-resolution Global Positioning System (GPS), the absolute position of a single plant can 

be determined and this plant can be relocated (and measured) in a later stage as demonstrated by 

the authors (Fender et al., 2006) in maize. The combination of an extended sensor system with an 
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phenotyping of plants based on sampling methods, the crop scout would be a fundamental step 

towards an automatic data generation for all plants as described by Ruckelshausen (2007). Based on 

the German word ‘Bonitur’ for rating, ‘BoniRob’ has been chosen as the name for the crop scout.

The plants chosen for the measurements are corn (Zea mays) and winter wheat (Triticum aestivum L) 

as very important types of grains, plant parameters are given in table 1. The methods and technologies 

described in section 3, however, can be extended to other plants. Using spectral imaging, the detection 

of three fungal diseases of winter wheat will be evaluated: Leaf and glume blotch (Septoria nodorum), 

Septoria blotch (Septoria tritici) and Powdery mildew (Blumeria [syn. Erysiphe] graminis). This 

selection is based on the high amount of yield reduction of the diseases. After Obst (2002) Leaf 

and glume blotch causes a yield reduction of 30%, Septoria blotch of 30% and Powdery mildew of 

25%. Gerhards and Christensen (2003) said that several parameters like vitality, nutrient supply and 
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it is necessary to detect the actual development status of the plants using parameters from Table 1.
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Field robot BoniRob

The realisation of such a system strongly depends on interdisciplinary competences. As a consequence 

industrial partners from electronics, sensors and agricultural machines as well as research institutes 

(engineering and computer science as well as agriculture) are working together. Experiences in 

the development of autonomous systems inside and outside agriculture are available. (Biber and 

Duckett, 2005; Niehaus et al., 2007; Klose et al., 2008). Moreover, the feedback from potential 
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of the DLG (German Agricultural Society) and the GFP (Gemeinschaft zur Förderung der privaten 
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vehicle, navigation, multisensor fusion and the safety concept for BoniRob are given below.

System architecture
The system architecture is illustrated in Figure 1. Horizontally the different systems are given. 

The control systems for navigation and phenotyping are using the data of several sensor systems 

(including GPS) and maps. The speed and steering control system is in charge of the motor and 

hydraulics of the vehicle. The internal system communication (control units, sensors, documentation 

and user interface) is based on Ethernet and thus allows a real-time implementation at high data 

rates. Sensor data for the navigation are necessarily treated in real-time, some other data are less time 

critical as for example disease mapping data. A timestamp concept is used for synchronisation and 

correlation of the various data. On lower levels CAN-bus communication is implemented. In order 

to optimise timing and handling of the data volume a middleware concept has been implemented.

The software of the navigation module is based on a component-based software architecture. 
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abstraction and communication patterns for inter-component communication. The framework 
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deployment of components, depending on their functionality, e.g. navigation control needs to run 

under a real-time OS and mapping of plants can be deployed on a non-real-time OS.
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Vehicle
Each wheel of the vehicle is driven by a hub motor and equipped with a brake. In case of a power 

breakdown each wheel is stopped and prevents the robot from further movement. The wheels are 
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All movements are powered by a hydraulic system which was incorporated in the frame. The arms 

can be changed in height allowing a chassis clearance of 0.4 m to 0.8 m. Therefore the sensors can 

be adjusted to the height of the plants to observe without the need of changing the sensor setup. 

Additionally each arm allows changing the track of the attached wheel from approx. 0.4 m to approx. 

1.0 m to the centre. This allows driving with a narrow track of 0.75 m width or a wide track with 
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changed. A few possibilities are shown in Figure 2 (left). Each wheel can be steered separately by 

an angle of ±90°. Respecting the Ackermann condition, a wide range of different tracks like simple 

turns, spot turns or crab steering can be driven. These are visualised in Figure 2 (right).

Navigation
A RTK-GPS receiver is the main sensor for localization. Additionally, information from the robot’s 

odometry and inertial sensors is incorporated using a Kalman���
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a sub-decimetre localization accuracy even if the RTK-GPS receiver temporarily loses its high 

��������"����������
�����
��
��	����
�������
�����������	��	��
����	����	��	
��������������;��
�

detection is an essential task for reliable navigation and mapping. This will be done by a 3D laser 

sensor mounted on the robot’s front, which recognises the crop rows, as well as single plants. The 
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authors have started to use algorithms based on probabilistic robotics (Thrun, 2005) like particle 
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Multi-sensor fusion
In order to increase the robustness as well as the quality of information for phenotyping, concepts 
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intra-row weed control process (Ruckelshausen et al., 1999). In continuation of this work Klose et 
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imaging systems, light curtains and distance sensors are used. Moreover, newly developed 3D time-
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navigation can be used vice versa. Additional sensors are used for the safety concept (see below) 

and for electronic control purposes (voltage control, temperature, dust). A priori information as 

well as GPS information is used. The modular system architecture allows an extension of the 

number of sensors.

Safety concept
A safety concept has been integrated in the concept of BoniRob from the beginning in order to avoid 

that the robots harm humans. Each wheel system has an emergency shutdown buttom, malfunctions 

of the software result in a shutdown and also an external shutdown via WLAN is implemented. As 

realised in the experimental weeding robot WEEDY (Klose et al. (2008)) it is planned to detect 

obstacles in the surrounding area via an ultrasonic wall, however, such sensor systems have to be 
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Simulation

In order to perform repeatable, season independent experiments and learn how to handle the 

complex omnidirectional drive, the authors decided to model and simulate BoniRob in the Gazebo 
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construction process of the real robot.

The open source-project Gazebo is a multi-robot simulator for both indoor and outdoor environments 

and relies on a number of third-party libraries, like the physics engine ODE and the graphics engine 

Ogre. Gazebo describes the environment, robots, sensors, light sources, user interfaces, and so 
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on in XML. It is capable of simulating a population of robots, sensors and objects and generates 

realistic sensor feedback, object collisions and dynamics. Like Stage, it provides an interface 

to the Player-framework, which allows access over TCP/IP. Also, it is utilised for developing a 

hardware-in-the-loop concept, able to connect the control device with the simulated or the real 

robot and sensors without any changes in the middleware. Figure 3 shows a screenshot illustrating 

the simulator with BoniRob driving over a row of maize.

Outlook
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future options for other applications (including actuator developments) and robot swarms.

Acknowledgement

This work is funded by the Federal Ministry of Food, Agriculture and Consumer Protection BMELV (Germany).

References

Biber, P. and Duckett, T. 2005. Dynamic Maps for Long-Term Operation of Mobile Service Robots, in: 

Robotics: Science and Systems.

���Q��������*���(�����	
���������\��	
���*��	��(��
��������7889��5�*������
��	�����	5�
�	������`����

Production Mechanization System. Agricultural Engineering International: CIGR Ejournal. Manuscript 

PM 06 032.

Fender, F., Hanneken, M., In der Stroth, S., Kielhorn, A., Linz, A. and Ruckelshausen, A., 2006. Sensor Fusion 

Meets GPS: Individual Plant Detection, Proceedings of CIGR EurAgEng/VDI-MEG.

Gazebo, 2009. Available at: http://www.irobotics.org/gazebo08.html.

Gerhards, R. and Christensen, S. 2003. Real-time weed detection, decisionmaking and patch spraying in maize, 

sugarbeet, winter wheat and winter barley. European Weed Research Society, Weed Research 43, 385-392.

Klose, R., Ruckelshausen, A., Thiel, M. and Marquering, J., 2008. Weedy – a Sensor Fusion Based Autonomous 

Field Robot for Selective Weed Control, 66th International Conference Agricultural Engineering/ AgEng, 

Stuttgart-Hohenheim, VDI-Verlag, Conference Proceedings, pp. 167-172.

0���������	������������������7889��������`�������&�������
��	�	���������
��	�������	������������
���
����

of plants and their international use in agricultural research. Proceedings of the International Symposium 

Agricultural Field Trials – Today and Tomorrow, 08 –10 October 2007 in Stuttgart-Hohenheim, pp. 122-125.

Mitchell, H.B., 2007. Multi-Sensor Data Fusion, Springer, Berlin/Heidelberg/New York, 281 pp.

��������|�������*����0���|��	����'�%����~�	/��5������Q�������	��5����������0���0�O����	�������)��
������

���	��*����!��������7889��5�
�	��
��	����
������������������������)����������������	��	
������	
�

landmarks, Proceedings of the 65th International Conf. Agricultural Engineering, VDI-Verlag, pp.185-190.

Obst, A., 2002. Getreide; Krankheiten, Schädlinge, Unkräuter. Verlag Th. Mann, Gelsenkirchen, Deutschland, 

256 pp.

Pedersen, S.M., Fountas, S., Have, H. and Blackmore, B.S., 2006. Agricultural robots – system analysis and 

economic feasibility. Precision Agriculture 7: 295-308.

Ruckelshausen, A., Dzinaj, T., Gelze, F., Kleine Hörstkamp, S., Linz, A. and Marquering, J., 1999. 

Microcontroller-based multisensor system for online crop/weed detection. Proceedings 1999 Brighton 

Conference, 2, 601-606.

���Q�������	��5��� 7889��5�
�	������ ����
�� �	� ������
��������� 
������ )�������	������ 
��� +	
��	
��	��

Symposium Agricultural Field Trials – Today and Tomorrow, 08 –10 October 2007 in Stuttgart-Hohenheim, 

pp. 190-197.

Siciliano, B. and Khatib, O., 2008. Springer Handbook of Robotics, Springer-Verlag, Berlin/Heidelberg, 

Germany, 1611 pp.

Thomas, E., 2006. Feldversuchswesen. Verlag Eugen Ulmer Stuttgart, Germany, 387 pp.

Thrun, S., Burgard, W. and Fox, D., 2005. Probabilistic Robotics, MIT press, Cambridge, USA, 667 pp.

Van Henten, E.J., Hofstee, J.W., Müller, J. and Ruckelshausen, A., 2007. The Field Robot Event – An 

International Design Contest in Agricultural Engineering. Proceedings of the 6th European Conference 

on Precision Agriculture, 3-7 June 2007, Skiathos, Greece, Paper nr. 88, 6 pp.


