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Abstract
Broad-leaved dock (rumex obtusifolius) is one of the most competitive and persistent weeds
in grassland. Plant by plant treatments are very time consuming and chemical treatments of
the whole surfaces are unecological, not selective and cause yield depressions.
A prototype of an automatic recognition and single plant-treatment system has been devel-
oped and tested under field conditions. The sensing unit consists of an infrared-laser triangu-
lation sensor combined with a high-resolution smart camera to generate three-dimensional
images of the grassland. In a segmentation process, three dimensional surface patches are
recognised, straightended and compared with different criteria of a plant database containing
surface parameters such as shape and state of surface. If an object is recognized as a dock
leaf, the leaves are sprayed with herbicide. The surface analysis in space boosts the recogni-
tion performance under conditions where state-of-the-art two-dimensional systems are not
successful like pictures with low contrast due to overlapping leaves. Initial results are promis-
ing. System development focuses on a more robust imaging sensor technique and refine-
ment of the different algorithms. Looking to the future, the system design allows the flexible
integration of other plant species.
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Introduction
Image processing and localization may help in replacing the human capacity for observation
and decision making by technology. Apart of the automation of manual tasks this technology
is the key for single plant treatment like this is the case for broad-leaved dock (rumex obtusi-
folius, Fig. 1). Segmentation is the crucial part of data analysis and ranges from simple bi-
narization of images to complex analysis of multispectral images and multidimensional data.
An initial step of the segmentation is edge extraction. A variety of algorithms have been pub-
lished and evaluated in machine-vision literature. A 2D broad-leaved dock recognition sys-
tem requiring powerful computing resources for the segmentation of high-resolution images
is described in various papers (Gebhard et al. 2006, Gebhard 2007, Gebhard and Kühbauch
2007). The main benefit of using the third dimension is that, with the help of height informa-
tion, it actually enables the segmentation of plant leaves in very cluttered and complex envi-
ronments such as can be found in meadows. With this technical background an automated
recognition, localization and treatment system for broad-leaved dock was developed. The
high-resolution 3D ground-data segmentation approach enables real-time plant recognition
and the application of herbicides to the plant leaves.
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Fig. 1. Broad-leaved dock (Rumex obtusifolius)

Material and Methods

SmartWeeder – automated detection and spraying of dock plants
A prototype to detect and to spray identified broad-leaved dock plants has been built. This
prototype is described in (Šeatović and Grüninger 2007, Šeatović  2008, Šeatović et al.
2008b). This prototype consists of a detection, a computation and a spray unit.
A row sensor consisting of a laser beam and a high resolution smart camera (laser triangula-
tion system) are used to scan three dimensional (3D) images line by line (Sick Ranger C55,
Waldkirch, D). As the sun sensitivity of the camera is the main noise source, the vehicle is
equipped with a black cover (Fig. 2). Every new measurement produces a new vector of 3D
points. The system has different scales in x, y and z coordinate axis. The processing of the
data succeeds following sequential steps. First step: Pre-processing includes filtering, edge
detection and 3D connected components labelling. Second step: Recognition includes joining
the surface patches, projection of the surface boundary to the plane, analysis of the bound-
ary with help of the elliptic Fourier descriptors and classification with help of support vector
machine.
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Fig. 2: Left: SmartWeeder processes 3D-images by means of a laser triangulation system.
Right: SmartWeeder in action. The detected plants are sprayed by single nozzles. Source:
Agroscope ART

Data processing
Raw data is filtered so that very small surface patches are removed. With this reduction of the
input data, dust, insects and small noise speckles are erased. In the next step, for every single
point with its neighbourhood situation will be analyzed and then in the last step of pre-
processing the edge detection algorithms will be applied (Fig. 3). After the edge detection was
completed, the connected components procedure can start. In this step every measured point
will be assigned to the corresponding surface patch. Result of this procedure is shown in the
Figure 4. On the right, white and grey dots are representing edges. Coloured surfaces repre-
sent surface patches. At this stage one leaf can contain more than one label, if so, then multi-
ple colours are shown for that surface.
The main processing step analyzes the neighbourhood relations between the surface patches
created by the connected components algorithm. In cluttered areas boundary boxes overlap for
every occurring surface patch. All patches have to be copied into the recognition buffer. Due
this constrain, overlapping areas are repeatedly copied, for every patch. Result of the copy
procedure is shown in the Figure 5, on the left hand side. Small grass patches and clover
leaves are removed and the recognition task has clearer situation for the following shape
analysis.
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Fig. 3: Top left: Edge detection in the 9-point neighborhood. The center point is an edge point.
Upper right: No edge: the center point is in the diffuse vector field. Bottom left: No edge: all
vectors point in same direction. Bottom right: The center point is a node, and there are multiple
edges gathering in the center of the patch.

Fig. 4 Left: Raw 3D data acquired by the sensor, warmer colours represent higher points. Right: Same
3D data processed by the pre-processing steps.
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Fig. 5 Left: Objects passed to the recognition buffer. Different colours represent different labels of the
objects. Right: Result of the classification, red boxes are confirmed Rumex leaves, green-grey boxes
surround rejected surfaces (not-Rumex).

In recognition step, all candidates are projected from the 3D-surfaces to the plane 2D-
footprints of the leaves. The transformation currently projects the boundary points to the
plane defined by the proper vectors computed out of the 3D point cloud. Every object in the
recognition buffer contains also its distribution with corresponding distribution moments. With
help of eigenvector computation, orientation, middle point, etc. are computed and stored for
every object. Two largest eigenvalues with corresponding eigenvectors define projection
plane for the shape analysis. Boundary points of the projected shape are used to compute
elliptic Fourier descriptors. These are used as features for the classification of the shape
(Neto et al. 2006). Classification succeeds with help of the support vector machine classifier.
For this purpose we use already implemented library (libSVM) of Chih-Chung and Chih-Jen
(2001).

Results
The prototype is actually working under real time conditions in a natural environment. Under
simple conditions (broad-leaved dock between grasses) the detection rate is very high. Un-
der more complicate conditions (dock between clover or other broad-leaved plants) the rec-
ognition rate still has to be improved. As soon as a leaf has been detected it will be sprayed
by nozzles which are opened by means of electromagnetic valves what is working fine. For
the treatment, only one leaf per plant need to be recognized. Neighbouring objects, up to
40cm distance, are tested on their rejection probabilities. If they are low, then the system
treats the set of surfaces that belongs to dock plant and treats them all.

Discussion
The results obtained with the "SmartWeeder" prototype have shown that, 3D-Data acquisi-
tion, robust segmentation and high data quality enable reliable and fast classification of the
leaves. 3D-Data are by far more powerful than the 2D vision systems, especially considering
robust segmentation and shape analysis. 3D data processing needs considerably more
computing resources than its pendants in 2D. Though, new more powerful multi-core com-
puting systems are state of the art on the market and with the help of parallel algorithms,
performance will significantly be improved.
The next project step is the implementation of analysis algorithms for the extracted surfaces
in the recognition task. Object classification makes the final decision as to whether or not the
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extracted surface is a dock leaf. For this purpose, shape analysis in 3D space will be com-
bined with texture-analysis algorithms such as the one described in Gebhardt (2007).

Conclusions
The three dimensional detection of dock plants has shown a significant improvement of the
recognition rate compared to two dimensional systems. Nevertheless, the presented work
shows only the beginning of the exploitation of 3D-acquisition and treatment. Beside the de-
tection of broad-leaved dock, this technique has the potential to detect other objects for dif-
ferent tasks in the field of plant protection, vegetable or fruit harvest and others.
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