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Abstract

For a sustainable agriculture limited resources, environmental impacts from chemicals (such
as fertilizer or herbicides) or soil compaction caused by multiple crossing of heavy agricultur-
al machinery are challenges for innovative technologies. This paper addresses a new tech-
nology for reducing herbicides as a major goal, however, further advantages such as re-
duced soil compaction by the carrier vehicle and reduced spraying of crop plants can be
achieved. The newly developed “Precision Spraying App” is an application module which is
integrated in the multipurpose autonomous field robot platform “BoniRob”. The control be-
tween the robotic platform and the application module is similar to a tractor-implement man-
agement solution.

Due to the size of the robot a working width of about 1.5 meter is achieved, economical ben-
efits can be estimated by applying several robots in parallel (“swarm”). The precision spray-
ing module consists of a nozzle holder with eight nozzles placed at a typical height of about
30 cm from the ground level, adapted to first test applications in agricultural row cultures
such as maize. Due to the orientation of the nozzles (adapted to the row structures) and their
height the spraying of the crop plants is strongly reduced and focused to the weed. The noz-
zle can be controlled individually. For plant detection two low-cost color consumer cameras
(640 x 170 pixels) are used for image acquisition under daylight condition (without artificial
illumination and specific shading). For image processing the open source library "OpenCV" is
used, this allows a quasi-real time behavior. Plants are detected by the algorithms which can
be assigned as weeds with a high probability due to the field of view of the cameras within
the row cultures.

The color filtering is performed in the HSV color space, from the following segmentation the
objects are identified and the corresponding position information is used for selective nozzle
control (e.g. opening of the valve) taking into account the driving condition. The communica-
tion between the field robots and the application module is based on the open software
framework Robot Operating System (ROS), in particular the Ethernet interface. Via this inter-
face, the module receives information about the instant driving conditions and thus the syn-
chronization of the weed control action can be achieved. The application module has been
tested in the laboratory as well as in first field trials in a test carrier vehicle as well as inte-
grated into BoniRob. The technical functionality and robustness of the hardware and the al-
gorithms have been evaluated for different sunlight conditions. Moreover, detection probabili-
ties of plants above 95% have been obtained in the first tests and the timing of the image
processing algorithms related to the valve activation has been checked. To summarize, a
technical weed control solution based on the application module of a field robot platform,
image processing and a flexible sprayer technology has been developed and first field tests
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have been successfully performed. In the next step the focus will shift from the technological
development to the evaluation of agronomic parameters for different crop cultures.

Keywords: Selective weed control, field robot, Robot Operating System ROS, image
processing

1 Introduction

For the reduction of environmental impacts related to weed control applications the decrease
of herbicides or the increase of mechanical weed control processes are topics of high rele-
vance. In order to realize such options interdisciplinary cooperation is indispensable,
knowledge about crops, soil, agricultural machinery, sensors, electronics and computer engi-
neering has to be fused to reach practical solutions with respect to economical as well as
ecological aspects.

Technology pushes such innovative agricultural options as an important supportive tool of
the complex outdoor processes. Present agricultural processing and technologies could be
improved. One option — as an example — could be a more precise spraying by taking into
account the local weed population. Sensor-based online measurements — optionally com-
bined with offline information — allow site-specific crop protection by taking into account het-
erogeneities within the field (Oerke et al. 2010). However, technology can even go further
and allows research investigations of “radical” new technologies for agriculture with high po-
tentials for combining economical and ecological benefits. One option is smaller agricultural
field robots (Griepentrog et al. 2010). Together with partners from research and industry the
authors have thus developed an autonomous field robot platform for investigating potential
applications. The platform “BoniRob” is a multipurpose platform where different application
modules can be integrated (Bangert et al. 2013). At the moment there are 6 application mod-
ules in the development and application stage, developed by external research groups or
within the BoniRob research groups. The name “BoniRob” has been selected since the very
first application of the platform is field-based crop phenotyping, where the German word is
“Bonitur”.

Figure 1 shows the basic idea of the multipurpose platform: The application modules have to
fulfill restrictions of the robot with respect to weight, size, speed, energy and data communi-
cation and can be changed within a few minutes. In this work the authors are focusing on a
“Precision Spraying App” for chemical weed control (Figure 1, top right). Imaging technolo-
gies and individually controlled spray nozzles are combined for weed control of individual
weed plants.

Phenotyping-App Penetrometer-App Precision-Spraying-App
R

Figure 1: Multipurpose BoniRob with examples of different Apps (Bangert et al. 2013)
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Figure 2: BoniRob with Precision Spraying App during field test

2 Materials and methods

2.1 Field robot platform BoniRob

For this paper a multipurpose field robot platform called BoniRob was used. This field robot
has an empty space within the body, which can use as the base for multiple BoniRob appli-
cation modules called “Apps” (Figure 1). The combination of BoniRob and Apps can be com-
pared with a tractor and implement combination. Various Apps with different purposes have
been developed (Bangert et al. 2013).

2.2 Precision Spraying App

2.2.1 Hardware

This application module (“App”) is a camera-based solution for selective weed control in crop
rows. It can be integrated into BoniRob by using the defined mechanical, electrical and logi-
cal interfaces of the robot. The components of the Precision Spraying App are shown in Fig-
ure 3, left. The App frame is constructed by aluminum profiles. For plant detection under day-
light conditions two cameras (Type: Microsoft LifeCam Studio) are mounted each in the cen-
ter between two crop rows (Figure 3, left). The cameras are attached to a housing in order to
get a water- and dust resistance and connected via USB2.0 interface to the industrial PC
unit. For image processing and control of the App an industrial PC unit with an Ethernet 10
coupler is integrated within a control box.
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Figure 3: Precision Spraying App (left), operating range of the system (right)
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Eight flatjet nozzles (Type XRC8002, opening angle 80°) are mounted to a holder (Figure 3,
left) to bring the herbicides to the weed. The herbicides are conveyed from a tank by using
an electric pump. Furthermore magnetic valves (24V DC) are controlled the nozzles individu-
ally. The weed detection is concentrated between the crop rows, as the first test application.
Figure 3, right shows the schematic layout of the operating range of the system. Number one
indicates the area between the crop rows. The red centerline splits the working area in two
parts each for one spraying nozzle, center left and center right. The red left- and right line
(number two) marks the areas for the side spraying nozzles into the crop rows. The operating
range of four spraying nozzles is approximately 0,75m. This allows an entire working width of
about 1,5m with eight nozzles. To increase the working width more nozzles holders are
needed. Due to the orientation and the height over ground level of the nozzles (adapted to
the row structures) the spraying of crop plants is strongly reduced and focused to the weed.
The height of the camera and the nozzle holder is flexible mounted to the ground level for a
variable adaptation to field conditions.

2.2.2 Data management

The modular architecture of the application module “App” is shown in Figure 4. The two
cameras are connected via USB2.0 to an industrial PC unit (www.beckhoff.com).
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Figure 4: System architecture of the “App”

This unit consists of a PC and a modular Input/Output (I/O) unit. The 1/O unit handles the
incoming data and transfers this data via Ethernet Network to the PC. This PC runs a soft-
ware application with a plant detection algorithm based on image-processing. For this image-
processing the open source library for programming functions OpenCV (www.opencv.org) is
used. Plants are detected by the algorithms and assigned as weeds with a high probability
due to the field of view of the cameras within the crop rows. The color filtering of the algo-
rithm is realized into the HSV color space, the objects within the image are identified and
marked with a red border. The corresponding position information is used for individually
nozzle control e.g. opening of the magnetic valve. The trigger timing depends on the speed
of the field robot.

2.2.3 Robot Operating System (ROS)

The field robot platform BoniRob and the Precision Spraying App use the open software
framework Robot Operating System (ROS) for control and communication (Quigley et al.
2009). Via the defined interface status codes e.g. start plant detection, stop plant detection
are exchanged. This communication is essential for the autonomous plant detection with
BoniRob and the Precision Spraying App.
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2.3 Laboratory tests

Laboratory tests were performed at two different locations. The first test was realized as an
indoor test to validate the image-processing algorithm under defined conditions. A 2000W
halogen spotlight was used in order to create consistent illuminated light conditions and no
shades within the container. The test was performed on a conveyor belt in two parts. Within
the first part a static test was performed.
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Figure 5: Measurement setup for indoor (left) and outdoor (right) tests

The second part included a dynamic test with a speed of approximately 4,5km/h of the con-
veyor belt in order to validate the tripping characteristics of the nozzles in combination with
the image processing algorithm. For the measuring object, a container with soil and plants
have been used and placed below in the center of the camera (Figure 5, left). This setup
simulated the area between two crop rows. Figure 5, left shows the measurement setup for
the indoor test. The red lines within the image indicate the areas of the nozzles based on the
schematic layout at the top.

The second test was realized as an outdoor test to validate the image-processing algorithm
under outdoor conditions. For the measurement object a container with soil and plants was
used and placed below in the center of the camera according to the indoor tests. Figure 5,
right shows the measurement setup for the static outdoor test. Within the container a shade
was created in order to get a realistic simulation to field condition (e.g. shades from plants,
field robot, etc.) The illumination was measured during the test at three different location by
using a commercial light meter (Type: LX-107). The identified values of illumination are
shown at the top of Figure 5, right.

2.4 Field tests

A first application test was performed with the field robot platform BoniRob and Precision
Spraying App on the field. For this test BoniRob was controlled manually with a control panel.
The plant detection was performed automatically by using the image-processing algorithm
described above. For these field test one location (Germany, 52°19'59.0"N 7°58'20.6"E) was
used with 6 field plots (2,5m x 15m) within this field (Figure 6). The selective weed control
was performed in a working width of approximately 1,5m in every plot. This working width is
shown in Figure 6 as the red bordered areas. The total herbicide “Roundup” (Glufosinate)
with a concentration of 4 liter per hectare was used for this field test. The blue bordered are-
as in Figure 6 are untreated with the herbicide.
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Figure 6: Field for application test with plots, red bordered: the working width for selective weed con-
trol, blue bordered: untreated areas within the plots

3 Results and Discussion

3.1 Laboratory tests

Figure 7 left shows the resulting image processing within the indoor test on the conveyor
belt. All plants inside the container are detected and marked with red border. The red vertical
lines identified the areas for the spraying nozzles according to Figure 3, right.

Figure 7: Resulting image-processing of laboratory test (left) and outdoor test with shade (right)

The tripping characteristics of the nozzles were validated with three different plants inside the
container on a conveyor belt at a speed of approximately 4,5km/h. The container was passed
the module 100 times and the tripping was observed. The nozzles triggered 300 times this
corresponds to an approximately 100% plant detection at a speed of 4,5km/h.

Figure 7 right shows the resulting image processing of the outdoor test. All plants inside the
container are detected and marked with red border. Thus, no negative effects are observed
due to different light conditions —shade area and sun- in order to detect and mark plants with
the image-processing algorithm.
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3.2 Field tests

Figure 8 shows the zoom in on field plot 1 according to Figure 6. Both images show the
working width as the red bordered areas and the untreated areas as the blue bordered are-
as. Figure 8 left, shows the field plot before the weed control. Figure 8 right, shows the same
field plot after a week with weed control and the total herbicide “Roundup”. Within the work-
ing width —marked as red bordered area- no plants are existed due to the herbicide (Figure 8,
right). All plants were detected and sprayed with the herbicide. The amount of reduction of
herbicides was not focus of this paper and needs to be systematically investigated in further
studies.

Figure 8: Field plot, red bordered: working width, blue bordered: untreated area, before weed control
(left) and after a week with weed control (right)

4 Conclusions

In this paper an application module “App” for chemical weed control was described and vali-
dated in laboratory and field tests. The first achievements show the potential of the field robot
platform BoniRob with the Precision Spraying App in order to chemical weed control on the
field. The modular system architecture allows further application e.g. a RTK-GNSS receiver
to log the spraying positions on the field according to further studies (Scholz et al. 2014). The
next step will be more field tests in order to validate the possible savings of herbicides due
the selective weed control in comparison with a comprehensive weed control.
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