
RoboHub Eindhoven
RoboCup Smart Manufacturing
Team Description Paper 2026

Konstantin Ayvazov, Sebastiaan Dingemans,
Adam Drysdale, Bruno de sá Nunes Silva
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Abstract. This paper introduces the RoboHub team submission to the RoboCup Smart
Manufacturing championship 2026 in South-Korea. This paper details the current state of
our robot and the team behind the robot. We give an overview of the hardware platform,
the software framework and share our perspective on present and future ideas about the new
upcoming industrial league.
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1 Introduction

RoboHub Eindhoven is a team of motivated students, connected by educational institutions and
industrial partners. Our team strives to discover robotic solutions in new domains. RoboHub
Eindhoven has strong educational ties with Fontys University of Applied Sciences and Eindhoven
University of Technology. We are challenging ourselves to find new creative ways to apply robotics
in industry. Together, we want to share our knowledge with other motivated people and collaborate
with companies that want to support us and our technology.

We have a multi-disciplinary team of students from different educational backgrounds bringing
their own expertise to the table. Our competition robot gets continuously improved by a core
team, complemented with students from educational curricular projects, guided by experienced
RoboCup coaches. Furthermore, we created an educational outreach project around our robot.
With our educational outreach project we expect to inspire non-technical students to embrace
technology and start learning to work with robots.

The team started in 2017 and competed in multiple RoboCup editions. Initially we participated
using a KUKA YouBot platform. After End-of-Life discontinuation of the platform from 2019
onwards, we decided to embrace our own technical capabilities and compete with custom designed
robotic platforms. Multiple iterations followed ( Sui2), (slick), (SLEEK), which allowed to build
up the knowledge and confidence within the team to create robotic solutions.

http://robohub-eindhoven.nl
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2 Description of the hardware

Fig. 1. Robot Sleek at the 2025 competition in Salvador, Bahia.

For this years competition, we focused on resolving important hardware problems encountered in
the previous RoboCup edition in Salvador. Robot SLEEK was for the first time deployed with
a new cover design. At the competition, limitations of gripper actuation force and navigational
inefficiencies were found to be problematic. To resolve these problems, time was devised to create
a new gripper design. Furthermore, a new Rotating Table Setup is realized.

2.1 Metal Frame

Our current robot design contains improvements we made to the mentioned problems in the 2025
robot SLEEK paper (M. van Lieshout et al, 2025). The sheet metal frame as seen in Figure 1 is
designed in such a way to provide easy access to robotic components. One encountered problem
during operation is the Electro Magnetic Interference (EMI) properties of the sheet metal which
limits the bidirectional transmission of not only EMI disturbances but also Radio Frequency (RF)
signals which are crucial for wireless data communication. For this problem we will be working on
rearranging router antenna positions to provide improved wireless communication.

2.2 Gripper

Introduction This section provides a system-level evaluation of the newly developed robotic
gripper and its impact on overall robot performance for the upcoming RoboCup Industrial com-
petition. The focus is on assessing design decisions, identifying strengths and limitations, and
outlining potential improvements to maximize competitive performance.
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The redesigned gripper represents a significant upgrade over the previous solution. It introduces
a belt-driven transmission system, passive finger compliance, improved manufacturability, and
validated force performance. While the current design satisfies competition requirements, further
optimization can yield measurable gains in robustness, speed, efficiency, and strategic versatility.

Belt-Driven Transmission System The transition from a rack-and-pinion mechanism to a
belt-driven transmission significantly improved drivetrain efficiency and force consistency.

Fig. 2. dipiction of the layout of the pully’s for the drive system of the gripper

Positive Impact on Competition Performance:

– Reduced backlash improves grasp repeatability.
– Improved torque transfer increases effective gripping force.
– Lower mass reduces inertial loading on the robot arm.
– Tolerance to minor misalignment increases robustness during repeated cycles.

Limitations and Risks:

– Long-term belt wear may reduce tension stability.
– Belt elasticity introduces minor compliance under high load.
– Performance depends on proper belt tension calibration.

Improvement Potential:

– Integration of a spring-loaded automatic tensioning system.
– Implementation of higher-stiffness timing belts.
– Endurance testing to quantify belt degradation over competition cycles.

Passive Compliant Finger Design Integration of passive spring compliance combined with
high-friction silicone pads enhances object adaptability without increasing control complexity.
Competition advantages:

– Increased effective contact area for irregular objects.
– Reduced risk of object slip.
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Fig. 3. New gripper finger design.

– No additional sensors or control loops required.
– Mechanically simple and reliable.

Trade-offs:

– Compliance is fixed and not adjustable in real time.
– No force feedback or adaptive gripping strategy.
– Performance is dependent on mechanical tuning rather than sensing.

Improvement Potential:

– Adjustable spring preload mechanism.
– Modular fingertip inserts for different object sets.
– Integration of low-cost force or contact sensing.

Torque Amplification and Actuator Constraints The reuse of the Dynamixel AX-12W servo
motor imposed a strict torque limitation (0.2 Nm continuous). To compensate, a 25:1 reduction
ratio was implemented.
Advantages:

– Maintains compatibility with existing robot architecture.
– Cost-efficient solution without additional actuators.
– Sufficient gripping force validated through testing.

System-Level Compromises:

– Reduced closing speed due to high gear ratio.
– Limited dynamic gripping strategies.
– Single-point actuation introduces a performance bottleneck.
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Strategic Improvement Options:

– Evaluation of higher-torque servo alternatives.
– Dual-servo symmetrical actuation.
– Dynamic torque control optimization through software tuning.

Weight and Structural Optimization Weight reduction was a primary objective due to its
impact on robot stability and dynamic performance.

Fig. 4. picture of the new gripper without a cover

Current Strengths:

– Sheet-metal structural frame ensures stiffness.
– FEM-guided material removal reduces unnecessary mass.
– 3D-printed non-critical components reduce manufacturing time.

Remaining Optimization Opportunities:

– Further topology optimization of non-critical components.
– Replacement of certain printed parts with lightweight aluminum or carbon composites.
– Structural ribbing instead of solid sections for stiffness-to-weight improvement.

Reducing end-effector mass directly improves acceleration, reduces oscillations, and increases
cycle speed—factors that significantly influence competition scoring.

Reliability and Maintainability The redesigned gripper shows strong improvements in assem-
bly alignment, manufacturability, and repeatability.
Strengths:

– Screw-based belt tensioning system.
– Keyed pulley-servo interface for easy maintenance.
– Simplified assembly architecture.
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– Manual opening capability in power-loss scenarios.

Areas for Improvement:

– Protective enclosure to prevent dust or debris interference.

– Standardized fastener types for faster pit maintenance.

– Spare belt and quick-swap replacement protocol.

In competition environments, maintainability is often as critical as peak performance.

Strategic Competitive Positioning From a competitive perspective, the current gripper design
achieves:

– Reliable object manipulation.

– Improved gripping force efficiency.

– Reduced mechanical failure points.

– Strong compliance with safety requirements.

However, it does not yet leverage advanced competitive differentiators such as:

– Variable stiffness mechanisms.

– Active force feedback control.

– Modular mid-round tool exchange.

– Adaptive gripping strategies.

The current design prioritizes robustness and feasibility over high-risk innovation. This is appro-
priate for baseline reliability but may limit competitive advantage in innovation scoring categories.

Conclusion and Roadmap The redesigned gripper significantly improves mechanical efficiency,
reliability, and manufacturability compared to the previous system. It satisfies competition require-
ments and provides a stable performance baseline.

For further competitive advantage, future development should prioritize:

1. Weight reduction for dynamic performance gains.

2. Adjustable or adaptive compliance mechanisms.

3. Improved drivetrain stiffness and endurance validation.

4. Enhanced maintainability and protective integration.

The current system represents a robust foundation. With targeted iterative improvements, it can
transition from a reliable competition-ready solution to a strategically optimized high-performance
end-effector.

2.3 Existing Safety System

For functional safety measures in Sleek, we have incorporated isolated safety channels for different
actuator systems in our design right from the start. The emergency stop provides 4 NC contacts
that are wired for the following safety functions:

– Ufactory Lite6 robotic arm, 2x E-stop interface.

– Maxon EPOS4 50/15 holonomic drive motors, 1x Safe Torque Off (STO) interface.

– Robot Management System (Gripper servo, Fans), 1x Digital Input.

If, at any time, the normally closed contacts from a channel get broken (when pressing the E-
stop), safe shutdown of drive power for the corresponding actuator system is guaranteed. For full
power-off, the main DC power switch can be turned to the off position.
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Fig. 5. Sleek Safety System

2.4 Rotating Table Setup

A new rotating table setup was realized, matching the Rotating Table Challenge in the compe-
tition. The setup was initially designed to be used for refining and testing the @Work challenge;
however, we anticipate long-term usage for general testing of dynamic vision and motion planning
frameworks.
The realized design includes:

– E-stop to safely shut down power to the drive.
– Adjustable speed control.
– 24VDC operating voltage with swappable power supply.
– Protective belt drive mechanism for table stalling.

Fig. 6. Rotating Table Setup

3 Description of the software

Last year and coming year we’re planning to continue our software development of our Sleek
platform. To foster common goals and collaborate with the community, we open-source our soft-
ware stack of last years robot SLEEK. Furthermore we give some insights into ongoing progress
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and finished results. We introduce our Dockerized workflow approach, High-level planning and
behavioural logic advancements, and look at the predictive perception and control problem for
dynamic challenges.

3.1 Containerization:

As of this year we are making use of Docker 1. This helps us with version management and making
sure everyone is using the right packages and versions. This approach offers several key advantages:

– Streamlined onboarding: New contributors can quickly set up an identical development envi-
ronment without dealing with dependency conflicts.

– Reproducibility: We can easily recreate the exact software stack used during development,
testing, or competition.

– Resource management: With each container running only a specified amount of software, we
can run only parts of the robot (eg. vision and manipulation without navigation) to enable
partial testing on slower hardware

– Open source: Avoiding the need of specific dependency control, it allows open source code to
be easily ran by anyone interested and learn our way problem solving.

For the High-level robot control we make use of the Robot Operating System 2 (ROS2) integrated
into docker images. ROS2 [5] provides many useful tools, hardware abstraction and a message
passing system between nodes. Nodes are self contained modules that run independently and
communicate which each other over so called topics using a one-to-many subscriber model and the
TCP/IP protocol.

3.2 High-level task planner:

The task planner system is responsible for high-level planning and maintaining the robot’s state of
knowledge. The previous iteration of the planner provided a baseline to compete in basic challenges.
During competition, several limitations were identified, which we addressed to ensure more reliable
planning. To establish communication with the current referee box, conversion between ROS1 and
ROS2 communication is tackled and resolved.

Previous efforts focused on:

– Debugging with a user-defined YAML-based challenge configuration.

– A table position saver script.

We are currently working on implementing the following features:

– Advanced ROSBAG Taskplanner (containers, table types).

– Dynamic planning of object placement.

1 https://hub.docker.com/
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Fig. 7. Planning for advanced challenges.

3.3 Robot logic behaviour:

The robot logic system is responsible for executing the logic in a structured and descriptive man-
ner, as shown in Figure 8. For this purpose, we use the BT.CPP 2 framework together with the
BT.ROS2 3 extension and the Groot2 visualizer. The following improvements have been made to
the logic system:

– Storage-checking fallback behaviour.
– Improved hierarchical block-based logic.
– Enable-ready logic execution of all advanced challenge types.
– A demo mode to debug challenges.

Fig. 8. BT.CPP behaviour tree logic

2 https://www.behaviortree.dev/
3 https://github.com/BehaviorTree/BehaviorTree.ROS2
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3.4 Navigation:

During the competition, we noticed reliability issues regarding navigation tasks from A to B. In
narrow spaces, the navigation system had difficulty maneuvering and occasionally ended up in
dead spots which could not be recovered automatically without collisions. Although the system
navigated in a smooth fashion, still work was deemed left to be executed for prevention of close
collisions. For this, further optimization is being performed in a diverse set of arenas in order to
provide reliability in the competition arena. The navigation parameters of the Nav2 4 controller
will be tweaked and will be tested in various complex environments in simulation to stress test the
new changes to prevent any further collisions or dead end scenarios. Additional research on the
Nav2 stack will be conducted to identify bottlenecks and enhance system performance.

3.5 Perception enhancements:

This year we are rethinking our perception approach. The previous vision setup demonstrated
in last competition only allowed for static detection and localization of @Work competition ob-
jects. For the upcoming new Smart Manufacturing League, we are currently experimenting with
new vision approaches. Important considerations that we are taking into account are workflow
standardization, synthetic data-generation and deployability in a variety of systems. For this, we
experimented with automation scripts for data collection and continue our work to develop a new
perception pipeline suitable for deterministic object localization using onboard sensors. For this,
experimentation was performed with YOLOV8.

Object detection with YOLOV8 To accurately track and pinpoint the position of the items
on a rotating table, we researched reliable machine learning models and decided to experiment
with YOLOV8. Different model sizes were evaluated to check performance and accuracy. Thus far,
potential performance increases are considered to be high provided that a sufficiently large dataset
is accessible for training given the current limited dataset.

3.6 Dynamic Planning, Gripper Control, and Pick-Up Prediction:

This section describes the three new software contributions added to the Sleek mobile manipulator
in the current project iteration; Enhanced MoveIt2-based arm control, gripper integration, and a
Kalman filter [3] to predict the optimal moment to pick an object from the rotating table. These
updates bring RoboHub closer to achieve the Rotating Table Challenge of RoboCup@Work.

MoveIt 2 Arm and Gripper Control The Ufactory-made xArm Lite 6 5 robotic arm is now
fully controlled through MoveIt 2’s 6 move group node where a new custom gripper is added.
Collision-aware trajectories are planned using the OMPL RRT planner and post-processed with
time-optimal parameterisation before being forwarded to the FollowJointTrajectory action con-
troller (lite6 traj controller). A simplified xarm planner node service interface accepts Carte-
sian or joint-space goals and handles the full plan-and-execute cycle, keeping the task-level code
concise.

Gripper control is also integrated into the same MoveIt 2 pipeline. The end-effector is modelled
in the URDF and SRDF. These files are defined outside the package of xArm, and are added to the
end effector links of the xArm Lite 6 plugins. in this way the xArm package could be updated and
the gripper would still function the correctly. Open and close commands are issued as joint-space
goals on a dedicated gripper controller, allowing the grasp action to be sequenced directly after
the arm reaches the pre-grasp pose without leaving the MoveIt 2 framework.

4 https://docs.nav2.org/
5 https://www.ufactory.us/product/lite-6
6 https://moveit.picknik.ai/humble/index.html
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Kalman Filter for Rotating-Table Pick-Up Because MoveIt 2 requires a finite planning and
execution time texec, commanding a pick at the current object pose leads to a miss: the table will
have rotated by the time the gripper arrives. A discrete-time Kalman filter [3,8] is therefore used
to track the rotating state and predict where the object will be when the arm with the end effector
arrives at the position of the object.

State and predict step: The filter tracks angular position θk and angular velocity θ̇k. Under a
constant-velocity model with time step ∆t:

xk|k−1 = Fxk−1|k−1, F =

[
1 ∆t
0 1

]
. (1)

Angle differences in the update step are wrapped to (−π, π] using atan2 to handle the circular
nature of θ.

Pick-up trigger: After each camera update the filter yields θ̂k and
ˆ̇
θk. The arm pick angle θ∗ is the

table angle at which the object enters the gripper’s reachable workspace. The trigger fires at time

t∗ =
(θ∗ − θ̂k)mod 2π

ˆ̇
θk

− texec, (2)

where texec is obtained from a preliminary MoveIt 2 plan to the pre-grasp pose. At t = t∗ the
system sends the goal pose to xarm planner node, so the gripper arrives exactly when the object

reaches θ∗. If | ˆ̇θk| < 0.01 rad s−1 the table is considered stationary and the trigger is suppressed.

4 Perspectives on new Smart Manufacturing League

The announcement of RoboCup’s new long-term vision in lasts edition at Salvador did not stay
unnoticed to many involved teams. The merge towards a new generalized industrial league was
introduced by means of a simple yet effective mic dropping e-mail. We would have appreciated
if more consideration had been taken into account for introduction of this idea through active
involvement of all teams. Nevertheless, we can agree upon the importance of a new generalized
industrial league. We discuss our opinion about the focus and relevance of a new industrial league,
impaired by our perspective on educational relevance.

4.1 Our long-term vision:

Our current and future research continues to focus on integration of multi-robot systems deployed
in dynamic environments. The team is looking forward to see the emerge of a new RoboCup in-
dustrial league. We share the opinion that a greater community could be established by mutual
interests. With backing of a larger supportive community, potential new teams would be able to
step in the competition more gradually. This will allow teams or individuals to focus and flourish
in their field of expertise with less required startup complexity. Here, we stress the importance of
sharing and preservation of knowledge within the community. We’re open to collaborate towards a
collective framework that can benefit teams and beyond. Here we make our first step by publishing
the codebase of robot SLEEK. We furthermore believe a common knowledge framework would be
beneficial for the embodiment of RoboCup’s ideals in this new industrial league. We are interested
to learn more about RoboCup’s vision and ongoing milestones for creating a new, engaging in-
dustrial environment. We value the importance of the new Smart Manufacturing League and are
curious to see how teams, industry and the RoboCup organization can collaborate to support the
thriving of this new league.

4.2 SML Ideas

To work towards multi agentic swarm applications, we value the centralization of multi-robot
collaboration between teams. Here, robots among different teams could fulfill distinct roles and
must depend on one another to complete complex tasks. The arena should be intentionally designed
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to require such cooperation. Tooling stations could be introduced for the production and recycling of
modular objects, with the possibility of temporary (known or unknown) malfunctions to introduce
real-world uncertainty. Different arena layouts could be explored, such as separated team spaces
versus combined arenas or dedicated zones tailored to specific robot types. We like the concept of
object modularity as mentioned in M. Masannek et al. [2] and would like to extend this further. We
propose the idea to add other elements such as soft-robotics for fragile objects or deployment of
objects that exert different ranges of dynamically passive/actuated behavior (inverted pendulum,
buoyancy, etc).

Additional introduced arena dynamics can further increase complexity and realism. Timed
events—such as priority interrupts or bonus points for rapid and correctly prioritized deliveries
can simulate environmental changes and external task prioritization.

Expanding on collaborative workflows in a warehouse-style scenario, different workflows can
be created such as multi-stage collaboration or more advanced coordination tasks could include
constrained object handovers (e.g., through a wall opening), requiring precise networked synchro-
nization between robots and their manipulators.

To accomplish mentioned ideas above, a common core communication framework would become
crucial to ensure a standardized and reliable method to enable robots to share sensing data, maps,
object info and objectives during a match while ensuring safe operation. A possible technical direc-
tion in which we see great potential is by using a ROS2-based communication framework combined
with the deployment of recently introduced Zenoh middleware stack for extensive communication
opportunities. ROS2 7 can provide a common ecosystem of tools and messaging standards, while
Zenoh 8 can be implemented as the industry proven communication backbone technology, providing
communication between a vast amount of types of systems.

4.3 Education:

First and foremost, we encourage students to participate in our team for the competition with
the goal to challenge their engineering expertise and strive for greater level of professionalism
and engagement. By organizing different types of projects, students from different educational
institutions with different backgrounds work with their knowledge and push their boundaries to
acquire new perspectives in solving challenging problems. Additionally we think importance at a
new league should be focused towards accessibility and flexibility of a community environment.
This will allow teams to work on challenges they would be interested in to solve. To accomplish
these ideas, documented tools, simulators and other setup would be beneficial.

5 Future work

Before the competition of this year, we aim to finish the following:

– Integrated new gripper design.
– Implemented new object perception pipeline.
– Implemented advanced task planner for final challenges.
– Optimized navigation behavior.
– Implemented Kalman estimation approach.

In addition to this, we share some ideas for long-term development:

– Integrate time deterministic motion planning and control.
– Zenoh middleware stack integration.
– Logistical planning algorithms.
– Agentic swarm systems.

We are planning to update details on this robot during the summer period and are furthermore
happy to answer questions regarding this project. If other teams need help with the development
of their own platform, we are here to help!

7 https://docs.ros.org/en/humble/index.html
8 https://zenoh.io/

https://docs.ros.org/en/humble/index.html
https://zenoh.io/
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6 Online Material:

Video’s of our platform in action is available at our YouTube Channel 9. Additional team infor-
mation can be found at our RoboHub website 10. Furthermore, all software will be published on
the teams GitHub 11 page.
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