
Team Description Paper - SWOT
RoboCup@Work 2021
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1 Introduction

Table 1. Overview of SWOT members by task and field of studies or role

Task Name Field/Role

Organisation
Tobias Kaupp
Lucas Reinhart
Florian Spiess

Responsible Professor
TeamLeader TC
Co-Teamleader

Navigation Fabio Mast Electrical Engineering

Hardware Daniel Bluemm
Max Dobmann
Martin Loeser

Electrical Engineering
Electrical and Mechanical Engineering
Mechanical Engineering

Manipulation Lukas Kraus
Daniel Bluemm

Electrical Engineering
Electrical Engineering

Recognition Lukas Kraus Electrical Engineering

Robot Coordination Fabio Mast Electrical Engineering

2 Robot Description

The robot consist of three main components, a mobile robot platform called
Evocortex F&E-Plattform from Evocortex GmbH, a robot arm from Universal
robots named UR3e and the Hand-e gripper from Robotiq. These component
were purchased individually and combined to create a valid base to start devel-
oping from. Furthermore we added a Intel RealSense D435i RGB-D-camera and
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a Intel UP Xtreme. In the following we will take a closer look at the different
components and their technical specifications.

Fig. 1. The current robot with the Evocortex F&E-Plattform as base, UR3e and Hand-
e to manipulate objects

Evocortex F&E-Plattform: This platform is a very good base to tackle
the @Work leagues tasks. It already comes with a bunch of sensors and additional
useful functions. A premounted Sick LiDAR-sensor in the front allows local lo-
calization and mapping of the environment. With the mounted Mecanum wheels
the platform can move omnidirectional on the ground, which allows to maneuver
even in narrow and cramped areas. It also got a total of thirteen ToF-Sensors,
where eleven of them are mounted all around the F&E-Plattform to detect ob-
stacles like walls and avoid collisions. The other two ToF-Sensors are mounted on
the bottom to recognize holes. There is also a camera mounted facing the ground
that is called Evocortex localization module (ELM). The software that comes
with it enables the platform to localize itself and estimate its movement using
feature detection of the ground’s surface. Thanks to its mounting plate made of
aluminum profile that covers the F&E-Plattform also allows easy mounting of
additional components and sensor.

UR3e and Hand-e: Universal Robot’s UR3e robot arm and Robotiq’s
Hand-e gripper are combined to create a gripping system that allows grabbing
lifting and moving parts up to three kilograms of weight. With this setup we
can reach parts put to 50 centimeters away which is more than sufficient for the
grasping tasks in @Work league.
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Intel RealSense D435i: This camera allows depth recognition and provides
registered point clouds as well as RGB-D image data. With this data we attempt
to recognize objects by comparing it with the CAD files provided by @Work
league.

Intel UP Xtreme: Since the system has to run resource expensive software
the Jetson TX2, which comes with the Evocortex F&E-Plattform, can not handle
everything alone. Therefor we decided to increase computing power by adding
the Intel UP Xtreme to the system.

Planed future changes: Currently we are about adding another Sick Li-
DAR sensor. With the current setup it’s not possible to obstacles on the left,
right or backside of the robot. Due to this moving backwards is difficult since
only the ToF-Sensors can deliver data to avoid colliding with obstacles.

3 Software Architecture

Navigation: In order to navigate well, the robot needs to get information about
his environment, e.g through his attached sensors, which captured a map of his
surroundings or through it’s odometry data. This data is interpreted and the
needed velocity commands are published to the electrical drives, which sets the
robot in motion. The basis for our navigation is the move base node, the so-
called navigation stack. For localization, we use the amcl node , which uses the
Adaptive Monte-Carlo-Algorithm (type of a particle filter). The motion planning
of the mobile robot is divided into global and local path planning. For the global
path, we use the global planner, which uses the Dijkstra algorithm. The Dijkstra
tries to find the shortest path between the start and the goal pose. For the local
path, the teb local planner comes into use. The method is called Timed Elastic
Band (TEB), which basis is the Elastic Band Method. A deformable, collision-
free path is calculated, which is based on the global path. Under artificial forces,
a short smooth path is created in real time (internal forces). By interpreting
the captured sensor data, it can deform, so it keeps a sufficient distance to
obstacles (external forces). With the TEB, time information are included. Time
intervals are calculated, that indicate how long the robot needs to move from one
configuration to the next. In relation to these two configurations and the time
intervals, the TEB attemps to perform a weighted optimization in real time.

3.1 Perception

We use the Point Cloud Library (PCL) for object recognition and pose estima-
tion based on the CAD data of the object. First, the workstation is scanned with
the camera from multiple sides and the depth images are merged. The obtained
point cloud is then preprocessed by the passthrough, radius outlier removal and
uniform sampling filter. Then the background is removed by plane segmentation.
The subsequent remaining points are used for object detection and determina-
tion oft he pose.
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Keypoints and normals are calculated both on the CAD model and in the ob-
tained point cloud. Around the keypoints, the surface changes are stored in
histogramms using a local descriptor. Then the descriptors of the scene and the
model are compared and a list of correspondences is generated. Finally, using
hough 3D, the pose oft he object is calculated, taking into account non-rigid
transformations. The pose is further refined using ICP.

3.2 Manipulation and Control

We use MoveIt! to control the robot to manipulate the objects. The gripping
point is determined using an object database and the calculated coordinate sys-
tem. For each orientation of the object, a grasping point is defined approximately
in the center oft he object using the coordinate system of the object. After the
coordiante transformation of the grasping point into the base coordiante sys-
tem, the calculated grab point is transmitted to MoveIt. Currently we are trying
to improve the trajectory planning and make the system more fail-safe against
collisions.
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