
MCG 2016 – 5th International Conference on Machine Control & Guidance 
“Facing complex outdoor challenges by inter-disciplinary research” 
Vichy, France, October 5-6th, 2016  

Automated tractor/implement coupling based on a backward-looking 3D-
Time-of-Flight Camera 

Tobias Blume1, Ilja Stasewitsch1, Jan Schattenberg1, Ludger Frerichs1  
1Institute of Mobile Machines and Commercial Vehicles, TU Braunschweig, Germany 

t.blume@tu-braunschweig 

Keywords: Tractor/implement coupling, object recognition, pose estimation, object tracking  

Abstract: This paper presents the development, implementation and testing of a new assistance system for tractors and 
mobile machines based on a 3D Sensor. The focus is on the automated coupling process between tractor and 
implement.

1 INTRODUCTION 

In order to utilize the high performance of modern 
agricultural machinery by the operator side, an 
increasing number of driver assistance systems are 
necessary. By this way the operator can be relieved 
of the monotonous and tiring work and is capable to 
control complex processes safely and at high 
efficiency. 

The aim of this project at the Technische 
Universität Braunschweig is to develop, implement 
and test new assistance systems for tractors and 
mobile machines based on a 3D Time-of-Flight 
camera (TOF) (Blume, 2015). The investigation 
based on promising research experiences with TOF 
cameras in autonomous vehicle projects (…). 
Therefore, the widest possible range of applications 
in the areas of efficiency, comfort and safety should 
be covered. The camera is attached on the rear part 
of the tractor in order to capture a three-dimensional 
image of the backward area. Based on this data, the 
following applications shall be realized: 
 

� Recognize implement optical in order to 
parameterize the machine’s settings 
automatically for this device 

� Automate the tractor/implement 
coupling even under difficult viewing 
conditions 

� Increase the lane guidance accuracy of 
implements with orientation and 
position information of implements  

� Develop a trailer assistance system in 
order to simplify the reverse driving of 
a tractor-trailer combination 

� Avoid collision in order to increase the 
safety of human and machine while 
driving backwards 

 
The project started at the middle of 2014 and 

ends at the end of 2016. The research work is being 
funded by BLE/Rentenbank program; associated 
partner is AGCO/FENDT. The paper presents the 
tractor/implement coupling application, as well as 
the accuracy of the developed pose estimation in 
dependence of the distance and the angle between 
tractor and implement. 

2 SYSTEM ARCHITECTURE 

In a previous paper (Blume, 2015) the two main 
tasks for the automated tractor/implement coupling 
were described: the implement classification and the 
6 degree-of-freedom (6DOF) pose (position and 
orientation) estimation. Both tasks are realized with 
the ViewPointFeature-Histogram, a global descriptor 
which implies the geometric information and the 
6DOF position of an object. 

In this paper a new approach is described to 
control the vehicle with higher accuracy and smooth 
steering motion to the coupling points of the 
implement. Therefore, a tracking system is presented 
which provides a high frequency update of the 
relative position between tractor and implement. 
Also a new path planner and path control is 
presented to meet those requirements. 
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2.1 Framework 

The Robot Operating System (ROS) has been used 
for developing the applications. This Linux based 
open-source-framework offers basic functionality 
for data processing, like hardware abstraction layer, 
various types of hardware drivers or standardised 
message formats. This framework also includes the 
Point Cloud Library (PCL) which is used for 3D 
data processing.  

2.2 Tracking system 

The system initiates a corrective position which is 
required by a close loop control. It is based on a 
combination of odometry and Iterative Closest Point 
algorithm (ICP).  

The ICP is an algorithm that minimizes the 
difference between two point clouds by minimizing 
the square distance of each point to its closest 
neighbor. Crucial is the starting position. A bad 
choice of the starting position can make the 
algorithm converge in a local minimum. The actual 
position of the implement can be predicted by using 
the last known position and the odometry of the 
vehicle. Transforming a model of the implement to 
this position leads the ICP-Algorithm to convert fast. 
Figure 1 illustrates this tracking system. The 
position difference between two time steps, 
calculated with the steering angle and the velocity, is 
added to the last known position of the implement. 
The ICP-Algorithm minimizes the distance error 
between the transformed model of the implement 
and the point cloud captured by the Time-of-Flight 
camera. 

   

Figure 1: Tracking system 

For a high vehicle travel comfort the change of the 
steering angle has to be smooth. Therefore, the path 
controller requires a high frequency update of the 
actual position with small steps. This stands in 
contrast to the calculated position steps and the 
frequency of the ICP-Algorithm. In order to prevent 
this problem, a weighted average filter is added to 
the system (see figure 2). By this, the optical 
positioning data can be merged with the odometry 

information of the vehicle in order to generate a high 
frequency actual position for the path controller.  

 
Figure 2: Tracking system with weighted average filter 

In our weighted average filter the current 
position is calculated by multiplication of the fitness 
score �� of the ICP and the position. The fitness 
score is the sum of squared distances between source 
and target point cloud and describes the quality of 
the matching. For obtaining a high frequently output, 
the change in position form the odometry ∆� is 
being added to the last position of the ICP. 

� � 	 � 	

��� � ∑ ����� � ∆����� ∑ ����  

(1) 

 

2.3  Path planer  

The path planning algorithm is based on Guarino Lo 
Bianco and Piazzi (2000) ��-Spline. They describe a 
fifth-order polynomial of the following form: ���� � ���� � ���� � ���� � ����

� ��� � ��  

(2) 

where  � ∶� �	���, 
���  and �	 ∈ �0,1 . 
 
The spline connects a starting point with an end 
point considering the start and end orientation and 
curvature	$. The characteristic of the spline is 
described by the parameters % � �&�, &�, &�, &�  and 
determined by solving the optimization problem  

$'�( � )*+% |$'-.�%�|. (3) 

The vehicle can couple to the implement in a single 
maneuver, if the maximum curvature of the spline is 
below the maximum curvature of the vehicle. The 
curvature of the change determines the maximum 
speed of the vehicle at each point of the spline. 
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2.4  Path controller  

A controller with an exact state feedback 
linearization from Müller and Deutscher (2007) is 
being used to control the vehicle on the reference 
path. This approach rests on the idea of linearizing 
the system behavior between input and output. This 
allows using a linear control for all system states 
with no adaptions of control poles necessary with 
spite of large nonlinearities. For this method a 
convenient model has to be chosen to describe the 
system behavior. Because of small velocities, small 
accelerations and large steering angles a kinematic 
motion model 
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is used with velocity : and steering angle 56E as 
control inputs. The consideration of the steering 
dynamic with a first order time lag is necessary for a 
good control performance and successful implement 
connection. 

3 EXPERIMENT ASSEMBLY 

For the experiment assembly, a Fotonic E70 48W 
Time-of-Flight camera has been attached to the roof 
of a Fendt 724 tractor. The data processing is beeing 
executed on a Lenovo ThinkPad W540. In order to 
control the speed and the steering angle of the 
tractor, a communication bridge translates the 
velocity commands to the CAN-bus of the tractor. 
For the validation of the relative position between 
tractor and implement three position sensors with 
measuring tape (ASM-WB85) are used (see figure 3) 
and have been mounted on the implement and 
connected to the vehicle in one plane. With two 
known points on the implement and two known 
points on the vehicle, the relative position between 
vehicle and implement, can easily be calculated. 

The accuracy has been analyzed indoor and 
outdoor under comment starting positions which 
lead to different types of paths as shown in figure 4. 

For a successful tractor/implement coupling, the 
lateral offset Δy and directional deviation Δyaw has 
to be below 30mm and 2.5°.  

 
 

 

 

Figure 3: Experiment assembly 

 
 

 
Figure 4: Two different starting positions for the tractor 
implement coupling tests.  
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4 RESULTS 

Figures 5 to 6 show two of the results for the indoor 
accuracy test of the system architecture in 
comparison to the position sensors with measuring 
tape. The calculated positions from both systems are 
plotted against the normalized path length. In the 
following, the set position describes the output of the 
position sensors with measuring tape and the actual 
position is calculated by the weight average filter 
with the ICP-Algorithm, using the point cloud of the 
TOF-camera, and the odometry of the vehicle. The 
error describes the difference between both 
solutions. 

 

 

 
Figure 5: Indoor accuracy for a simple curve with a 
starting directional deviation of F
�� ≈ 10° 

 

For all indoor tested starting positions the 
accuracy threshold values (∆y =30mm, ∆yaw =2,5°) 
were complied and the error converges with 
shrinking distance to zero. At the end of the path 
distortions occur, during braking, which produce 
oscillation at the TOF-camera.  

For the oudoor tests no accucy diagramms could 
be created. The major problem is the sensitfity of the 
TOF-camera against sunlight. The difference 
between the sensor data is shown in Figure 7 and 8. 
In most cases the ICP-Alogithm didn’t convert, so 
that no position could be calcueted. 
 

 

 
 

Figure 6: Indoor accuracy for a s-curve with a starting 
directional deviation of ∆yaw≈0° 
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4 CONCLUSION 

In this paper a tractor/implement coupling, see 

figure 9, application based on the optical data of a 

time-of-flight camera has been presented. The 

described tracking system calculates a robust high 

frequency pose, while the error gets smaller with 

shrinking distance. The results presented in this 

publication illustrates that the indoor accuracy of the 

system is high enough for a successful 

tractor/implement coupling. Solutions for the 

outdoor sensor problem are under development. 
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 Figure 7: Outdoor point cloud 

 
Figure 8: Indoor point cloud 

 

 
Figure 9: Tractor and implement 

 

 

 


