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Abstract

This paper presents a workshop concept for the Smart Manufacturing League (SML), the
new RoboCup Industrial competition format starting in 2026. By merging the two established
leagues RoboCup Logistics League (RCLL) and RoboCup@Work, the Embodied Autonomous
Intelligence Workshop (EAI-WS) proposes a unified vision of an autonomous manufacturing
environment in which products are assembled and recycled on-demand, supporting more sus-
tainable and adaptive production paradigms.

The EAI-WS restructures former league tasks to better reflect contemporary research chal-
lenges in robotics while improving transparency, solution openness, and comparability across
team performances. To enable continuity for established teams, the competition is organized
into three complementary tracks: planning, warehouse, and workbench. These tracks allow
teams to specialize in familiar research domains while gradually exploring new areas without
compromising competitive participation. In particular, the newly introduced workbench track
benchmarks manipulation dexterity during assembly and recycling, addressing high-precision
handling of components, tools, and finished products. The planning and warehouse tracks build
upon and extend the core elements of the former leagues—namely action scheduling, navigation,
and real-world manipulation—towards more realistic and integrated scenarios.

The proposed technical regulations relax many previous hardware constraints, encouraging
creative and emerging system designs, such as humanoid robots, while maintaining practical
feasibility for teams and event organizers. A redesigned scoring and competition structure cap-
tures both specialization and system-level autonomy, allowing the identification of best-in-class
solutions as well as overall league performance. To lower entry barriers for new and inexperi-
enced teams, the concept introduces flexible mechanisms such as human-robot interaction and
inter-team collaboration, enabling participation without undermining the integrity of the com-
petition. A tiered competition design with gradually increasing complexity further supports
sustainable team development and long-term research progress.

With a focus on providing a concrete participation framework for the 2026 transition year,
this paper outlines the vision of the FAI-WS and details an exemplary scenario, technical
regulations, competition design, and event structure.
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1 Introduction

The RoboCup Smart Manufacturing League (RCSML or SML) is RoboCup’s new industrial compe-
tition format from 2026 onwards. It aims to merge two established leagues — RoboCup Logistics
League (RCLL) and RoboCup@Work — in order to overcome limitations of outdated competi-
tion elements and to formulate a future-proof research environment addressing the challenges of
Industry 5.0 and beyond.

As part of this transition, the RCLL Committee drafted and published an initial vision during the
RoboCup Symposium 2025 [1], with the intention of providing a baseline for subsequent merger
discussions. The vision identified several core capabilities for intelligent robotic systems in mod-
ern production facilities and proposed a competition concept centered around flexible, on-demand
production using small polymer building blocks as product components. Three tracks — produc-
tion logistics, assembly, and humanoid manufacturing — were introduced, each associated with
dedicated tasks, workspaces, and specialized hardware designs. Through predefined interfaces and
handover strategies, successful task execution required tight collaboration between heterogeneous
robotic agents, thereby emphasizing human—-robot and robot—robot interaction as central elements
of the league.

While many of these ideas were welcomed by the Executive Committee of the RoboCup@Work
league, further discussions in late 2025 revealed several open questions regarding task complexity,
practical feasibility, participation costs, entertainment value, and openness to solutions. In par-
ticular, concerns were raised about mandatory hardware abstractions, strict task separation, and
the risk of constraining future innovation by predefining system roles and interaction patterns too
rigidly.

In response, the Embodied Autonomous Intelligence Workshop (EAI-WS) [2] concept was developed
as an alternative workshop-oriented participation format for the SML transition phase. The EAI-
WS aims to preserve the core philosophy of a sustainable, demand-driven smart factory aligned
with Industry 5.0, while adopting a solution-agnostic and intentionally non-prescriptive design.
Rather than enforcing specific robot roles or hardware architectures, the workshop defines shared
goals, constraints, and evaluation criteria, allowing teams to explore diverse system designs ranging
from single, highly capable robots to heterogeneous fleets.

The FAI-WS emphasizes integrated autonomy, embodied decision-making, and flexible execution
strategies, with the explicit intention of allowing efficient solutions to emerge naturally from system
capabilities rather than being dictated by league design. By maintaining low entry barriers and
enabling gradual scaling of complexity, the workshop format supports both new and experienced
teams while fostering comparative insights across different manufacturing abstractions.

Given the transitionary nature of the 2026 season, this document is explicitly framed as a workshop
concept rather than a finalized or binding league rulebook. Its purpose is to set expectations for
experimental on-site activities, facilitate structured exploration of embodied autonomous intelli-
gence in smart manufacturing scenarios, and provide a foundation for iterative refinement through
practical experience at upcoming RoboCup events.



2 Vision

The Embodied Autonomous Intelligence Workshop (EAI-WS) aims to transfer knowledge and re-
search advances from the former RoboCup industrial leagues into a unified and forward-looking
robotic vision for modern production facilities. The overarching goal is to explore flexible and fully
autonomous factory environments that move beyond traditional mass production—where goods are
manufactured in large batches and stored over long periods—towards on-demand manufacturing
paradigms. By enabling robotic systems to autonomously produce, assemble, and recycle prod-
ucts as required, the workshop promotes sustainable, resource-efficient, and adaptive production
concepts (see Fig. 1).
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Figure 1: Embodied Autonomous Intelligence Workshop (EAI-WS): Illustration of a future on-demand
production and recycling facility enabled by embodied autonomous intelligence in robotic
systems.

Covering established and emerging research areas such as robotic intralogistics, advanced object
manipulation, multi-robot coordination, and planning and optimization, the FAI-WS seeks to
translate real-world industrial challenges into an engaging research, benchmarking, and competition
framework. Rather than prescribing specific solution strategies, the workshop emphasizes outcome-
oriented tasks that allow diverse robotic approaches to be evaluated under shared constraints.



2.1 Long-Term Vision

The long-term vision of the FAI-WS is to advance robotics research toward open and unsolved
problems relevant to future smart manufacturing scenarios. The competition deliberately targets
robotic capabilities that are currently underexplored, technologically immature, or economically
infeasible at industrial scale, but are expected to gain relevance in the coming years.

Industrial partners are consulted to help identify meaningful application contexts and challenges,
while the competition environment remains abstracted, reproducible, and affordable. This balance
enables systematic benchmarking and comparative evaluation of emerging methods without the
complexity, risk, and cost associated with full industrial deployment.

The envisioned scenarios emphasize heterogeneous robotic tasks under realistic operational con-
straints, including robust navigation in shared spaces, precise manipulation under uncertainty,
human-robot interaction (HRI), cross-vendor and cross-team collaboration, and large-scale plan-
ning and optimization. While specialized solutions are often effective for individual sub-problems,
generalized and integrated approaches are considered equally important to foster flexibility, robust-
ness, and reusability across tasks and environments. !

Consequently, the competition structure follows a dual philosophy: distinct tracks enable focused
exploration of specific research domains, while their open and solution-agnostic design encourages
the development of versatile systems capable of operating across multiple tracks. A tiered progres-
sion with gradually increasing complexity supports both novice and experienced teams, enabling a
natural evolution of system capabilities without compromising scientific depth or spectator appeal.

2.2 Short-Term Vision

To ensure a smooth transition from the established leagues to the new SML format, the EAI-WS
preserves essential skill requirements and explicitly welcomes most robot systems currently used
in RoboCup@Work and RCLL. This allows teams to build upon existing hardware and software
solutions while incrementally adapting them to the new manufacturing scenarios.

The workshop tracks are designed to expose teams early to integrated manufacturing workflows
without requiring fully mature systems from the outset. This approach supports continuous learning
and experimentation in increasingly complex environments, while lowering entry barriers for new
participants.

For the 2026 season, selected objects and task elements from the RoboCup@Work Co-Worker chal-
lenge and the RCLL main track are retained. Reusing familiar objects across beginner and advanced
tiers allows teams to focus on higher-level action logic, coordination, and planning aspects, rather
than immediately addressing new perception or manipulation challenges. This staged introduction
is intended to facilitate a gradual transition toward the full scope of the FAI-WS vision.

The dynamic nature of task execution is intentionally reminiscent of cooperative planning scenarios found in
popular games such as Overcooked, where simple physical actions combined with varying orders give rise to complex
coordination and optimization challenges.



3 Task Description

The EAI-WS envisions a smart (toy) factory in which product orders and returns are processed
autonomously on-demand. Robotic systems are required to produce, assemble, transport, and
recycle products dynamically, reflecting key challenges of modern manufacturing environments.

To enable broad participation while supporting generalization to real industrial scenarios, the EAI-
WS initially employs small modular polymer building blocks (e.g. LEGO Duplo™) as abstract
representations of production and recycling components. This abstraction provides a flexible, safe,
and affordable experimental environment, allowing teams to deploy compact robotic systems while
preserving a nearly unlimited variety of product configurations. Product designs may range from
simple objects to multi-component assemblies and may be unknown to teams prior to execution.
The initial object set is shown in Fig. 2 and is intended to establish a common baseline for developing
core robotic skills. Future iterations will gradually introduce more realistic industrial elements (e.g.
wheels, axes) and advanced assembly steps requiring tools (e.g. screwdrivers), based on feedback

from teams and insights gained during on-site events.
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Figure 2: Initial set of raw materials and objects used for assembly and recycling tasks in the EAI-WS.
The object set may evolve in future seasons according to feedback from teams and lessons
learned during workshop events. Detailed part specifications are provided in the technical
regulations.

The primary task objective is the autonomous handling of dynamic manufacturing workflows,
including action planning, reliable transportation, and robust object manipulation under realistic
constraints. The competition explicitly targets research challenges such as precise object perception,
safe navigation in shared environments, resilient handling of components, and optimization of task
execution.

As order complexity and workload increase, teams may explore different strategies to improve
overall system performance, ranging from highly capable single robotic systems to coordinated
multi-agent solutions. The league intentionally avoids prescribing a specific architectural approach,
allowing teams to investigate how efficiency, robustness, and scalability can be achieved through
different system designs.

To accommodate diverse robotic platforms, the workspace is standardized across two operating
categories: ground-based platforms and humanoid-scale systems. Both categories share a common
set of interaction elements, differing primarily in operating height, while otherwise permitting
flexible implementations for single- and multi-agent configurations (see Fig. 3).
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Figure 3: Standardized interaction elements at ground and human operating levels. Elevation plat-
forms enable static manipulators to interact with shared workspaces, supporting collabora-
tion across heterogeneous system designs.

In addition to fully autonomous operation, the EAI-WS provides a framework to explore human—
robot interaction (HRI) and collaboration as relevant research dimensions. These aspects allow
teams to investigate shared workspaces, cooperative task execution, and cross-team or cross-vendor
integration under controlled and reproducible conditions.



4 Tracks

The tasks of the FAI-WS require robotic systems to combine physical execution with high-level
decision-making, posing significant challenges for students and researchers at all stages. To struc-
ture this complexity and enable focused exploration of different research domains, the FAI-WS
organizes on-demand manufacturing into three complementary tracks: warehouse, workbench, and
planning. Each track targets a core capability relevant to modern production environments, while
their combination represents integrated and cognitively capable robotic systems.
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Figure 4: Overview of the three complementary SML tracks: warehouse, workbench, and planning.
Together, they span physical execution, manipulation, and high-level coordination capabili-
ties in smart manufacturing scenarios.

The separation into tracks follows three main intentions. First, teams can continue to focus on fa-
miliar research domains (e.g. logistics, manipulation, or planning) while gradually expanding their
scope toward more integrated systems. Second, performance in fundamentally different domains
can be evaluated independently, without abandoning the overarching objective of end-to-end au-
tonomous operation. Third, the track structure explicitly enables human-robot interaction (HRI),
inter-team collaboration, and partnerships across heterogeneous robotic systems, allowing teams to
combine complementary expertise and explore cooperative strategies within a shared manufacturing
scenario.

4.1 Warehouse { Reliable Transportation and Mobile Interaction

The warehouse track addresses transportation and mobile manipulation tasks that are fundamental
to production logistics. Robotic systems are required to operate in a physical environment, navi-
gate shared workspaces, locate objects on storage shelves, and transport raw materials or finished
products between stations and customers.

The focus lies on reliable physical interaction, including safe navigation, object handling, and
coordination with other agents. Teams are free to design their systems according to their research
goals, ranging from single mobile robots to heterogeneous collections of platforms such as wheeled
robots, humanoids, or hybrid systems.

4.1.1 Long-Term Vision

In the long term, the warehouse track aims to advance robust and flexible robotic systems capable
of operating across diverse production environments. This includes challenges such as advanced
manipulation during transport, container handling, environment inspection, and safe operation in
human-populated spaces.



As workloads and scenario complexity increase, teams may explore strategies for cooperation be-
tween multiple robotic agents or integration with other tracks to improve overall throughput and
resilience.

Future challenges may introduce additional sources of uncertainty, such as dynamic obstacles, re-
configurable storage layouts, or tasks requiring active environment modification (e.g. opening doors
or reorganizing shelves), thereby fostering higher-level reasoning and problem-solving capabilities.

4.1.2 Short-Term Vision

In the short term, the warehouse track builds upon concepts established in the former leagues
and prepares teams for reacting to dynamic events such as incoming orders or completed assembly
steps. Existing solutions for navigation, manipulation, and task execution remain largely applicable,
allowing established teams to transition smoothly while gradually adapting to more integrated
manufacturing workflows.

4.2 Workbench { Manipulation and Assembly Execution

The workbench track focuses on advanced object manipulation and the execution of assembly and
disassembly sequences required to produce or recycle requested products. It introduces a dedi-
cated research space for precise handling of complex object configurations and multi-step building
processes.

Teams may employ stationary robotic setups, such as table-mounted manipulators or multi-arm
systems, as well as alternative concepts resembling small-scale production lines. To encourage
mobile and integrated manufacturing approaches, robots participating in the warehouse track may
also perform assembly tasks when technically feasible, either at workbench stations or on-board,
without making such capabilities mandatory.

4.2.1 Long-Term Vision

The long-term objective of the workbench track is to approach industrially relevant manipula-
tion challenges while maintaining flexibility and integration with other system components. This
includes interaction with humans or other machines, coordination across multiple agents, and in-
corporation of manipulation capabilities into larger robotic systems.

Future extensions may involve deformable objects, image-based product specifications for previously
unknown designs, and mandatory tool usage (e.g. screwdrivers or drilling operations). To support
integration with planning and warehouse systems, robots will be required to communicate expected
processing times and material requirements for given assembly tasks.

4.2.2 Short-Term Vision

The short-term vision introduces manipulation challenges gradually, enabling teams to build reliable
execution pipelines before tackling complex assemblies. Simple components and actions, such as
stacking modular building blocks, support incremental skill development and facilitate collaboration
between different agents, including humans.



Allowing stationary workbench setups and inter-team collaboration lowers entry barriers for new
participants and enables teams to contribute to the FAI-WS without prior expertise in warehouse
logistics.

4.3 Planning { Strategy Formulation and Coordination

The planning track addresses high-level coordination, material flow optimization, and execution
monitoring across warehouse and workbench operations. Given the diversity of robotic hardware
and capabilities, planning systems must adapt dynamically to changing tasks, environments, and
team configurations.

To enable meaningful comparison of planning approaches, a lightweight two-dimensional simulation
environment supports standardized planning scenarios, such as single general-purpose agents, small
fleets of specialized robots, or larger heterogeneous systems. Unified agent models with configurable
capabilities (e.g. speed, payload, or skill sets) allow evaluation of planning strategies in terms
of computational effort, predicted execution time, and overall efficiency, independent of specific
hardware implementations.

Planning solutions are ultimately expected to interface with real robotic systems. Teams may
generate plans for their own robots, for collaborating teams, or for human operators. Plan quality
can then be assessed based on prediction accuracy, robustness to execution failures, and the ability
to adapt through re-planning.

4.3.1 Long-Term Vision

In the long term, the planning track aims to enable factory-wide coordination across heterogeneous
fleets composed of self-built and external robotic systems. Standardized interfaces allow planning
teams to assign high-level tasks without direct control over low-level execution, focusing research
on resource contention, capability-aware planning, and decision-making over extended horizons.

Online feedback from physical execution supports rapid re-planning in response to errors or un-
expected events, promoting reliable and efficient production and recycling under real-world con-
straints.

4.3.2 Short-Term Vision

Initially, evaluation of the planning track may be limited until a common simulation environment
and interfaces are fully established. Teams with existing planning systems may continue to apply
their approaches implicitly by achieving higher task completion rates in physical runs, similar to
previous league concepts.

As collaboration across teams and tracks becomes increasingly relevant, a short-term objective is
to jointly develop standardized interfaces and shared simulation tools within the SML community,
providing a foundation for systematic planning evaluation in future seasons.



5 Human- and Multi-Robot Interaction

Teams may choose to participate in all or only selected tracks, performing some or all required tasks,
and are free to design their robotic systems according to their research focus and available resources
(see Section 6). To ensure broad accessibility while maintaining an end-to-end manufacturing
scenario, the EAI-WS provides multiple mechanisms to compensate for missing capabilities in
individual tracks: human collaboration and inter-team partnerships.

5.1 Human{Robot Collaboration

Teams are permitted to perform the tasks of one or more tracks with the assistance of a human
co-worker, such as a team member. Depending on the skipped tracks or tasks, this may include
manually retrieving raw materials from storage, performing assembly or disassembly steps at a
workbench, or reorganizing task sequences.

For the planning track, teams may rely on a predefined, non-optimized baseline execution order
or manually adjust task sequences within a limited preparation time. These options allow teams
to focus their research and development efforts on selected capabilities while still participating in
integrated manufacturing runs.

Beyond their practical role, these mechanisms explicitly encourage human-robot interaction and
enable direct comparison between human-driven and autonomous solutions, supporting the explo-
ration of hybrid production workflows (see Section 6.7).

5.2 Team Partnerships

As an alternative to human collaboration, teams may form partnerships with other teams specializ-
ing in complementary tracks. For example, a team focusing on warehouse logistics may collaborate
with another team providing assembly or planning capabilities.

In such partnerships, robots interact directly with external systems to complete shared tasks,
enabling higher degrees of autonomy without requiring each team to cover all tracks independently.
To reflect the shared risk and coordination effort, rewards for successfully completed tasks are
distributed across all participating partners (see scoring in Section 8).

5.3 Multi-Robot Collaboration

The long-term vision of the SML is a smart factory environment in which robotic systems from
multiple teams and vendors operate concurrently within a shared workspace. This setting fosters
cross-team collaboration, diverse forms of human—robot and robot—robot interaction, and increasing
levels of autonomy and efficiency at system level.

While human collaboration and team partnerships primarily support adaptation and skill develop-
ment during early stages of participation, robot—robot collaboration remains central even for highly
capable systems. This is reflected in the tier structure, where the expert tier envisions multiple
teams operating simultaneously in a shared environment without spatial separation.

Earlier tiers are designed to support gradual development of robustness, coordination, and interac-
tion skills, allowing teams to progressively prepare for complex, densely populated factory scenarios
involving larger heterogeneous fleets (see Section 7).
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6 Technical Regulations

The technical regulations of the EAI-WS are intentionally minimal and primarily serve to ensure
safety, comparability, and practical feasibility during onsite events. They are not intended to pre-
scribe specific robotic designs or system architectures. Instead, they define a small set of boundary
conditions within which teams are encouraged to explore diverse and innovative solutions.

Teams may participate with any robotic system or fleet configuration, provided it can autonomously
perform tasks in at least one track. Robots may be reused across multiple tracks if applicable,
allowing both single, highly capable systems and heterogeneous fleets of specialized robots. This
flexibility is a core design principle of the EAI-WS and reflects the exploratory nature of the
workshop format in 2026.

6.1 Objects and Materials

Industrial production involves a wide variety of components differing in size, weight, material,
and assembly complexity. Directly replicating such diversity would require specialized and costly
hardware, limiting accessibility for student teams.

To balance affordability and expressive task complexity, the EAI-WS employs standardized, lightweight
building blocks such as LEGO Duplo™ elements or equivalent 3D-printed replicas [3]. These com-
ponents allow teams to investigate manipulation, assembly, planning, and logistics challenges while
using low-cost actuators and sensors.

The initial object set consists of two block types (2 2 2and 4 2 2) in five different colors. This
set enables the construction of a wide range of products while providing a stable foundation for
early competitions. Future iterations may introduce additional shapes, materials, colors, or tools
to gradually increase task complexity and realism.

Figure 5: CAD Renderings of selected target materials and products from the FAI-WS. Actual colors
may vary, and teams may supply their own materials for real competitions.

6.2 Warehouse Robots

Warehouse robots are intended to perform transportation and manipulation tasks across the produc-
tion floor. Teams may deploy any type of mobile robotic platform, ranging from small ground-based
systems to humanoid robots, provided they can safely navigate the environment and interact with
objects, humans, and other robots.
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