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Introduction
In precision farming offline and online methods are used. Offline technologies are based on

GPS (Global Positiong System) where a map is generated in a sampling step and correlated
with field parameters such as weed population. In the application step this map is used. In
the last years the availability of new sensor and information system technologies strongly
pushes developments and finally products for online methods. This means that sensor-
based systems measure crop or soil characteristics in real-time and are used directly for the
application.  GPS is not necessary in this case but is useful for site-specific electronic

documentation.

By increasing the knowledge of field parameters new sensor technologies have become one
the most important issues for optimising agricultural processes with respect to economical
and ecological aspects as well as food tracking. In particular imaging technologies have
been applied for crop and weed detection (Astrand 2004 and 2005, Oebel 2006, Wartenberg
2005). The technological improvements in electronics and communications have now
opened a new field for future technologies, thereby having a look even at a single crop plant

as for example during seeding (Griepentrog 2003).

In this paper the concept of sensor fusion for the online measurement of crop plants is
combined for the first time with a precise GPS information. For row cultures such as maize
this method allows a rating of each individual plant: The position of the plant is measured by
several sensors, the GPS-position is stored and the corresponding plant can be find again in
a later run. Using this method the properties of individual plants at different times or growth
stages can be determined automatically. Thus complete new setups of experiments in plant

breeding can be designed, based on individual plant detection.

Multi Sensor Architecture
Based on previous works on multi-sensor technologies for crop/weed detection in row

cultures (Ruckelshausen 1999 and 2004) the authors have realized a sensor fusion concept

thereby implementing various sensors as shown in figure 1.
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Figure 1: Multi-sensor architecture based on the integration of different sensors, GPS and a

user interface.
This architecture compensates for a lower selectivity of a single sensor due to variations of
field and plant conditions. Moreover a user interface is integrated for the setup and control of
all components as well as for electronic documentation. The authors have integrated
different imaging and optoelectronic systems based on own development or practical
experiences.
The profile of row cultures can be measured with a stack of light barriers (Fender 2005).

Such photo-diode arrays offer new options for the reliable analysis of geometric signatures,

whereas the binary data are directly available thereby resulting in high processing speeds.
Figure 2 shows the result of a photo-diode array for a section of a maize row. The resulting

data are analysed with image processing methods.
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Figure 2: Measurement results of a photo-diode array (as constructed by the authors), which

measures the plant profile.



Another sensor system used in the architecture is a hyperspectral imaging system (In der

Stroth 2003). For each geometric line a wavelength-position-matrix is generated by a
commercially available optics as shown in figure 3. This 2D-array is analysed by a fast
CMOS-camera where only selective wavelengths are picked out. The results of the point
wise spectral analysis are integrated to an image, where — in this application — the shape of

the plants from a top view is calculated (Fender 2005).
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Figure 3: Principle of the hyperspectral imaging system ImSpector (Source: www.specim.fi );
the image is taken by a CMOS-camera for further image processing.
Next to shape and spectral information the distance of the plants with respect to the sensor

system is measured by using fast friangulation sensors (Thosink 2004). For maize plants a

high selectivity for stalk detection can be obtained. Intelligent real-time algorithms use the

reduced data to detect the relative position of a crop plant.
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Figure 4: GPS system with BASE and ROVER Station.

In order to have positions of single maize plants for re-detection the accuracy of the GPS
system has to be in the order of a few centimetres, at least less than the typical distance of
two maize plants within a row (5 — 12 cm). This high accuracy can be achieved with a RTK-

GPS-system, such as the MS750 from Trimble (www.trimble.com) which has been used by

the authors. Real-time-kinematics (RTK) positioning is based on at least two GPS receivers,



a reference and one more rover receiver (see figure 4). Using a DGPS system with a
measured accuracy range of about 1 — 2 m, the variations can be reduced to less than + 2
cm when applying a RTK-fixed method and interpolation of shaft encoder information. Such a
system has been integrated in the multi-sensor architecture and offers the option for mapping

the absolute position of each single plant in a field.

Field Tests and Conclusions
A mobile sensor unit has been used for field measurements (see figure 5). The photo-diode

arrays, the spectral imaging system, distance sensors as well as the system technology and
the GPS equipment have been integrated. The results of a series of 4 different
measurements of the same row of maize plants in figure 6 demonstrate that each single
maize plant can be detected, might be “named” and measured again at a different time. The
data of figure 6 have been visualized with the GIS-tool OpenJUMP, an open-source

application based on JAVA ( see www.openjump.orq).

To summarize, online sensor fusion and GPS have been integrated for the realtime detection
and re-detection of single crop plants. This technology offers promising applications for the
automated characterization and documentation of crop fields — based on individual plants -

and “ultra-high precision” agricultural methods.

Figure 5: Sensor mobile unit with the RTK-DGPS-system in field tests.
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Figure 6: GPS positions of single maize plants measured in 4 different runs, the vertical

variations are due to different tracks of the mobile unit.
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