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Abstract—This document presents the work of Democritus
Industrial Robotics (DIR), a start-up team currently focused on
the RoboCup@Work League. It describes the route the team
took to overcome and solve the league’s challenges. Furthermore
it is a guide for anyone that wants to use ROS for AMRs, since
we have tried a lot of different approaches and noted down only
the ones that worked.
Index Terms—RoboCup@Work, DIR, LRA, ROS, SLAM,
AMCL, move base, YOLOv4, RViz, Fusion 360, Flexbe, RealSense, Manipulation, WidowXL, IMU, Noise Filtering, AMR

I. I NTRODUCTION
Democritus Industrial Robotics (DIR) is a student
group active in the field of Industrial Robotics, consisted of
robotics-enthusiasts that study in Greek and other international
universities. Our vision is to integrate robotic solutions in
everyday life and in the Industry as well. Our team operates
under the auspices of D.U.Th. and the supervision of Prof.
Antonios Gasteratos, Professor and Head of the P.M.E.
Department, and Asst Prof. Loukas Bampis. DIR team works
in close collaboration with the Laboratory of Robotics and
Automation (LRA) and, proudly, represents our university
and our country in RoboCup, the biggest robotics competition

worldwide.
The LRA1 deals with educational and research activities
in automation, robotics, computer vision, and intelligent
systems. During the last 15 years, the lab has been a
contractor to 6 European and 3 ESA funded projects, as well
as projects funded from other Greek government sources.
Those activities equipped the lab with significant experience
around topics such as stereo vision, 3D reconstruction, object
recognition, novelty detection, pose estimation, SLAM,
autonomous navigation, and real-time control. Its current
research interests refer to the development and application of
real-time cognitive methods for interpreting the surrounding
environment during the autonomous operation of a mobile
robotic platform.
DIR was founded in 2018 and currently engages 25 active
members from several university departments across the
country. Given the subject of our study and LRA’s scope, our
main goal is to develop our own fully autonomous platform
with object recognition and grasping capabilities. Towards
this direction, we first built and programmed a prototype, so
1 http://robotics.pme.duth.gr/

that we could study and experiment in a smaller scale. We
firmly consider this as a crucial step, as prototyping is of
great importance in product engineering and, especially, in
innovative designing. Having tested several algorithms, we
proceeded with the design, construction and programming of
our final robotic platform, that’s going to be the main topic
of this paper.
As for the team’s structure, DIR consists of the following
three (3) departments: Programming, Construction and Marketing.
II. T EAM
As mentioned above, DIR consists of around 25 students.
Since this is a technical paper, they are not cited as authors
of this document. Instead they are referred on the following
table beside their position on the team.
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Prof. Antonios Gasteratos
Dr. Loukas Bampis
Administration Athanasios Sendros
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Panagiotis Chanis
Michail Toptsis
Dimitris Theocharopoulos
Sarantis Antoniou
Vasilis Kokkinos
Vasilis Dimitriou
Dimitris Fragkoulis
Ioanna Katsoufi
Nektarios Pipilis
Athanasios Sendros
Athanasios Velonis
Marketing
Zoi Voltsi
Theodoros Rossidis
Athanasios Sendros
Christos Pantos
Ioanna Katsoufi
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Alexandros Askepidis
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Panagiota Moraiti
Theodoros Rossidis
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Athanasios Sendros

Role / Field
Responsible Professor
Team Mentor
Team Leader
Construction Manager
Assembly & Electronics
Assembly
Electronics
Electronics
Mechanical Designer
Mechanical Engineer
Product Designer
Product Designer
Product Designer & Electronics
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Social Media
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Programming Manager
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Navigation
Navigation
Navigation
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Technical Support & Vision

TABLE I
OVERVIEW OF DIR TEAM MEMBERS .

III. O UR W ORK
A. Autonomous Navigation & Mapping
Navigation is a crucial part for an autonomous robot as it
helps to move without or with minimum human intervention
in an environment. The navigation system is based on the
ROS navigation stack. [1]

First of all, we must know the environment in order to
know where to move. This is done by a process called
mapping, we use SLAM algorithms such as hector and
gmapping. The sensors we have are: 1) two LiDARs (SICK
TiM 561) in front of the robot to minimize the blind-spots
2) three wheel encoders (Dynamixel XM430-W210-T) to
provide odometry information LiDAR is an active remote
sensing system. In a LiDAR system, light is emitted from a
rapidly firing laser. This light travels to the environment in
which our robot moves and reflects off of the surfaces like
wooden obstacles, walls and workstations. The reflected light
energy then returns to the LiDAR sensor where it is recorded.
A LiDAR system measures the time it takes for emitted
light to travel to the obstacle and back. That time is used to
calculate distance travelled. Although LiDAR is a powerful
active remote sensing technology, its echo signals are easily
contaminated by noise, particularly in strong background
light, which severely affects the retrieval accuracy and
the effective detection range of the LiDAR system. [2] To
counteract that we created a range filter algorithm that focuses
on close proximity noise which creates most of our problems
and then we applied a median filter which divides received
scan in regions defined by a number of rays. For each region
the algorithm calculates the median and then checks if any
element of the region deviates from it more than 20%. In
that case we replace the element value with an extreme one
e.g. 10m. Then it returns the filtered scan. The algorithm also
checks if the procedure of regional division leaves any part of
the scan excluded. In that case it performs the same actions
for the remainder of the scan. With these sensors and SLAM
we are able to produce a map in (pgm format) that contains
every obstacle, wall and workstation. After, we import it to
GIMP to edit the map.
Autonomous navigation needs to know three things: 1) its
environment 2) its position in the environment 3) how it will
move in one place to another. In order to achieve that we:
1) Firstly we provide the map that we generated previously
2) then we launch the localization, our preffered algorithm
is AMCL (Adaptive Monte Carlo Localization) 3) finally we
launch move base to produce the optimal global & local path
that avoid static obstacles. The global path is produced by
navfn algorithm and the local by the base local planner.
The importance of having a significant number of elements
in the environment is enormous, otherwise the robot will not
do proper localization and its belief in where it locates, will
be constantly fluctuating.
We also innovated by creating a ROS wrapper for our IMU
that you can find here2 since it didn’t exist. We achieved
that using the LSM303DLHC Python libraries as provided
by Adafruit [3] and some knowledge around i2c protocols.
Inspiration for the said ROS wrapper was OOyindamola’s
lsm9ds1 ros python repository [4].
2 https://github.com/sendrosath/lsm303dlhc

ros

B. Manipulation
The manipulator that has been chosen is the WidowXL
Robot Arm Kit. This decision was based on several factors,
such as the cost, the maximum reach, the total payload etc.
Up to the point of ordering, tests were made on a simulation
software, based on a step CAD file of the arm. Since the
documentation for the WidowXL was deficient, customizing
and manually creating the URDF model and the MoveIt!
Configuration of the arm was the only option. The motion of
the arm is controlled through the move group python interface.
More specifically, receiving a Pose Goal (x,y,z coordinates and
orientation) for the end effector from the camera attached to
the manipulator. By using inverse kinematics the move group
plans a collision-free path to the object. Finally, the manipulator executes the planned motion in order to grasp the target
object and place it to the desired place.
C. Vision
We have trained a Deep Neural Network architecture for
detection and classification (YOLOv4 with the Darknet backbone) to recognize the objects we want to collect, which
we either found on the market or printed. Specifically, we
conducted an extended data set of samples for all the objects
of interest, on which we did the training. The results were
quite sufficient, with an average IoU of 79.64% and mAP of
98.97% at IoU Threshold of 50%.

basic requirements of the underlying tasks but at the same
time allows room for future improvements. The final behavior
is split into five main sub-behaviors that communicate required
information with each other:
1) The Initialization behavior. Responsible for receiving
the map, alongside with its semantic information and
localizing the robot on it. In the future, this behavior can
also acquire a “discovery” feature that allows the robot
to explore and map an unknown environment, gathering
semantic information as it moves.
2) The Task Planner. Receives the generated tasks from
the referee box and optimizes their order of execution
using A* graph-based search. It is also responsible for
prioritizing the manipulation of objects in the pick and
place pipeline.
3) The Navigation behavior, which is essentially an implementation of the move base functionality of ROS’s
AMCL package.
4) The Vision stack; consisting of a set of states calling actions/ services that implement tasks such as object/ cavity
detection and are callable by their respective clients.
5) The Manipulation behavior, which receives input from
the Vision stack and with the help of MoveIt! controls
the robotic arm to manipulate the requested objects.
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Fig. 2. Overview of the state machine framework.

Fig. 1. YOLOv4 Predictions

Additionally, we have implemented traditional computer
vision approaches to solve the problems of object orientation,
cavity and barrier tape detection and are currently working
on making them more reliable.

The general goal for the state machine is to create a
robust robot behavior that is not prone to failures by adding
error handling capabilities and task re-routing. However, as of
the conception of this paper no such functionality has been
included for demonstration. The above implementation was
achieved in FlexBe.
E. Simulation

To solve the barrier detection problem we: 1) Firstly transformed our image to bird’s eye view, 2) then converted the
RGB image to HSV values, 3) run colour detection algorithms,
4) converted the image to grayscale and run edge detection
algorithms, 5) finally combined the colour and edge detection
and drew a bounding box around the barrier tape
D. State Machine
The robot’s behavior is dictated by the state machine
overview shown in Fig. 2 The team went with a simple
approach, trying to set a modular framework that satisfies the

We ‘ve also implemented both the navigation and
manipulation stacks in order to work inside a gazebo
simulation as you can see in the following snapshots:

Fig. 7. Placing

Fig. 3. Environment in gazebo
Fig. 8. Watching
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