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Figure 4: Calculated center point (row_point) between the ransac lines 

This "row-point" now acts as a target for the robot, it now follows the point by its 
travel movements. If the robot comes to the end of the row, no more points are 
detected, now the "headland_mode" is initiated.  

  

Figure 5: Detecting the end of the row and creating the first headland_point 

In "headland_mode" the robot travels along preset waypoints. If it reaches a waypoint, 
then the next one is preset. The waypoints are stored in a .txt document and contain 
rotation as well as distances in x and y direction. The first waypoint is set slightly 
forward. 
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Figure 6: Moving to the second waypoint in Headland_mode 

The second waypoint is located 75cm to the right or left of the robot. 

  

Figure 7: Moving to the third waypoint and then recognizing the rows again. 

The last waypoint is again behind the robot in the direction of the maize row. When 
the robot has passed all waypoints, it should ideally be aligned with the next row. Once 
it has reached the last waypoint, the robot switches back to "row_navigation" and 
navigates through the rows of maize again. 

A mode controller changes the waypoints after each turn, so that the robot turns once 
to the right and once to the left.  

Discussion: The navigation worked well in most of the cases, occasionally there were 
problems in recognizing the ends of the rows. The robot sometimes drove diagonally 
out of the row, as leaves hanging out of the row were incorrectly detected as a curve 
in the plant row. As a result, there were also problems when driving into the new row. 
The detection of the row ends would have to be done more precisely, here the laser 
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data could contain further useful information, it would have to be filtered in such a 
way that no irritations are caused by leaves sticking out of the row. 

2.2 Task 2 – Advanced Navigation 

Task two of the event involved navigating through the rows under more realistic field 
conditions. In doing so, the robot had to bridge missing sections in the rows and more 
pronounced unevenness in the ground. The field had to be navigated according to a 
predefined sequence. This sequence had to be taken from a text document. 

As a basis, we took the row recognition from Task 1. Because of the misses in the 
rows, the settings of the box filter had to be adjusted. The visibility was increased to 
150 cm. However, the basic detection of the maize rows and the navigation is the same 
as in Task 1. To keep the order of the row traversal, the given text file was read into a 
new "mode_controller". This controller processes the given driving pattern. The 
individual waypoints for the driving pattern are again stored in text files and are called. 
The waypoints are specified again in the "headland_mode" and the robot moves along 
them. 

The problem of row end detection is exactly the same as in Task 1. The robot should 
drive straight out at the end of the row. If a leaf is detected at the end of the row, it can 
lead to a curve being incorrectly detected and the robot trying to follow it. This leads 
to the problem that the robot stands at an angle at the end of the row. 

 

3 Applications in a virtual field 

3.1 Task 3 – Weed / object detection and mapping 

In general, our strategy to detect the virtual objects was implemented by using an 
RGB-camera. It has been placed in front of the jackal, looking straight to the ground. 
The first challenge was to find a position for the camera that was able to include the 
complete row width with the area between the maize plants without a second detection 
of the same object in the next row. So we tested a few positions and with a resolution 
of 640 x 480 and the distance 75 cm to the base link of the jackal fitted well for the 
detection tasks. 

The main challenges regarding the object detection while driving over the field were 
the similarity of the weed colours and contours compared with the maize plants and 
the similarity of the cans and bottles to the ground colours. For this reason, we decided 
to divide the tasks “detection of weeds” and “detection of waste” in two single 
programs. 
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Figure 8: Jackal with RGB Camera in the front (Black Box) 

 

3.2 Task 3 - Weed Detection 

Because of the similar colours of the maize plants and the weeds, we were not able to 
extract the contours of the weeds only by using a colour filter. Whenever we tried to 
get only the weeds by using small ranges of RGB-filter values the detection on the go 
was not stable enough because of the changing floor and light conditions.   

So we used an alternative way with an Excess-Green filter on the raw image to get the 
weeds as well as the maize plants and a contour detection what worked much better. 
To avoid the wrong declaration of maize plants as weeds, the next step was to find a 
method to find more differences between the maize plants and weeds.  

With the given camera position, it was a good approach to exclude all contours that 
begin outside the camera resolution edges and are shown on the left and right side of 
the camera image. This had the effect that all maize leaves standing in the rows are 
excluded safely.  

This was already a big success but there were some mistakes left when driving over 
the field. Sometimes the maize leaves and ground points were still detected as weeds 
so we added circles around every found contour. With these circles it was possible to 
define the dimensions of the weeds and extract them safely from the maize. The result 
of our weed detection node is shown in figure 9. 
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Figure 9: Raw image and Processed Image for Weeds 

3.3 Task 3 - Waste Detection 

To detect the cans as well as the bottles we used similar approaches as in the weed 
detection. To get their contours it was easier than extracting the weeds from the maize 
plants because of the colour difference between the bottles and cans on the one hand 
and the ground on the other hand. All green and light-brown (and others) except the 
can and bottle colours were filtered so only their contours appeared in the process-
image. 

  

Figure 10: Raw Image and Processed Image for Bottles  

To become safer in detection while driving and to avoid wrong detection of ground 
structures as “waste” we also added bounding contours around the detected waste 
structures. In comparison to the weeds the bottles and cans have more in common with 
rectangles than circles so we chose this as the favourite bounding contour. With the 
dimensions of the rectangles that were automatically fitted and turned to the contour 
in the image we were able to detect bottles and cans safely.  
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Figure 11: Raw Image and Processed Image for Cans 

 

3.4 Task 3 - Getting the reference coordinate system 

The next step was to reference the found objects to the pillars in the field map. 
Fortunately, the jackal was able to reference his own position to its start by using the 
odometry with the encoders. The big task was to find a way to reference its start point 
to the pillar coordinates.  

The two pillars differed in a QR-Code with a text-output “Pillar A” or “Pillar B” after 
scanning. To identify if the jackal starts at A or B we implemented a second camera in 
the back of the robot also looking backwards in the direction of the closer pillar. The 
second camera was necessary because the first one is looking directly on the ground 
and the pillars can not be displayed. The second camera has also the advantage not to 
turn in the beginning what saves time for detection. 

With the implementation of the package zbar_ros the second camera scanned the close 
pillar before the row navigation and object detection started. The Process is shown in 
figure 12. 
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Figure 12: Scanning the closer pillar QR-Code 

To get also the position of the odometry to the first pillar we used the data of the 
LiDAR Sensor. In the scan the pillar is shown with two visible edges.  

The ground dimensions of the pillar are square so with the longer edge (one edge is 
always completely visible for the LiDAR) we were able to find the main coordinate 
system of the first pillar. The transformations are shown in the figure 13. 

 

Figure 13: Transformations to the first Pillar from odometry point 

The robot position to the main coordinate system of the field what we called 
“pillarorigin” the last step was to read the coordinate values of the pillars from the 
given .csv-file.  
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With the positions of pillar A and pillar B from the file data we did a static 
transformation to the main coordinate system. (Figure 14) From the robot over the first 
and second pillar the reference to the field main coordinate system has been placed. 
Now we were able to reference found objects to this. 

   

Figure 14: Transformations to the main coordinate system and second pillar 

To get more accurate positioning instead of the actual base position of the jackal we 
used the X and Y Coordinates of the detection camera to define the object positions.   

All in all, the performance of the object detection worked well. The jackal was able to 
find the positions of cans and bottles safely, also most weeds were detected. One weed 
that stood very close to the crop was not found because the contours of maize plant 
and weed melted to one in the image processing. The referencing of found objects also 
worked and the csv file has been added well with the found positions. 

4 Task 4 - Weed / object removal 

4.1 Task 4 - Task 

The fourth task of the Field Robot Event 2021 was to remove objects from the given 
corn field. The objects were beer cans and weeds. A total of 10 objects were placed in 
the cornfield. The robot had to navigate autonomously through the rows. So the 
navigation of the robot in task 4 is based on the solutions of the first subtasks. The 
coordinate and the type of the object were provided as information. If the object was 
picked up this should be brought to a suitable headland. Weeds should be placed on a 
different headland than the other object type.  The respective groups had 5 minutes to 
clean the cornfield. The task was rated on two points. If the object was picked up and 
this was taken to the correct headland. Points were deducted for incorrect headlands. 
Furthermore, points were deducted for each damaged plant. Another piece of 
information was important for the processing procedure. This says that objects were 
allowed to be pushed out of the cornfield, but this does not bring points!   
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4.2 Task 4 - Concept 

The setting of the tasks placed the defaults, admission and placing of objects. This had 
to be implemented with the robot, Jackal Free. For this, a model was picked out the 
robot, in order to compile possible principles for the solution. Through brainstorming 
in the group, promising ideas emerged. One possibility was to pick up an object with 
a gripper arm and dump it on the headland. There were several considerations to realize 
this movement. Should the object be picked up like the mechanism of the front loader 
or via a clamshell bucket. Another option was to pick up the objects similar to a 
forklift, place them above the robot during travel and lower them again at the 
destination. With the help of the existing model, we looked at the installation space 
available to us for the implementation. Another criterion was that the robot should 
hardly be wider in order to keep navigation as simple as possible, be able to rotate 360 
degrees if necessary, and not damage any plants. 

A possible pick-up by a clamshell bucket in the center below the robot was ruled out, 
since the installation space did not allow this. The drive, electrical system, etc. of the 
robot are located there. Therefore, the option of a front loader and forklift-like pickup 
was considered. 

 

4.3 Task 4 - Design/ elaboration phase 

The two possible implementations were designed in the next step, with the criterion of 
the narrowest possible design. 

The Solid Works design program was used for this purpose. The downloaded Jackal 
free model was inserted via a step file. The model provided possible fixation points for 
a structure. Furthermore, the mounting position of the laser, which was important for 
navigation, had to be taken into account. It turned out that a forklift-like 
implementation would be difficult. Here, the components hindered the function of the 
LIDAR scanner.   

Thus, the front loader design was pursued further.  

 

  

Figure 15: Design concepts 

The construction should consist of as few components as possible, since these had to 
be implemented in GAZEBO in the further process. The assembly was thus created 
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from 4 components. A baseplate, which serves for the attachment on the robot. Two 
lateral connectors, which connect the baseplate with the shovel. The bucket which 
serves to pick up the object. In addition, gripping tines, which facilitates a pick-up and 
fixes the object during travel. During the design, it was important to place the drawing 
origins in the rotation points of the movement in view of the further use of the 
components in the GAZEBO environment. In GAZEBO, the components are rotated 
exactly around this point after later programming. This is an important point to be 
considered! 

 

5 New innovations (real and virtual) 

5.1 Task 5 – Free Style 

We didn’t participate in task 5. 

6 Conclusion 

All in all it was a really good thing to participate in the virtual world of the FRE. Although 
a contest on a real field would have been a great experience we are happy to be part of 
the virtual event in 2021.  

Other issues 

The Team want to thank the following companies for their support in components: 

Sick AG, Mädler GmbH and Nanotec GmbH & Co. KG 

Parts of the code used in previous Field Robot Events can be downloaded here:  

https://github.com/hohenheimdr 

 


























































































