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Abstract— Skill-based production enhances agility and ef-
ficiency in modern manufacturing by enabling modularity,
interoperability, and dynamic reconfiguration, thereby reducing
setup times and operational complexity. This paper presents
our developed skill-based applications in industrial robotics for
tasks such as sorting, disassembly, machining, and intralogistics.

I. INTRODUCTION

Skill-based design has long been used in robotics to
enhance reusability, modularity, and role separation. A skill
encapsulates expert knowledge, such as trajectory planning,
and typically operates in lower architecture layers, as in
[1], where sequencing layers compose complex behaviors.
In dynamic environments, robots require fine-grained skills
and flexible composition rather than rigid standard interfaces.
For industrial mobile manipulators, tasks, skills, and motion
primitives have been defined to establish role separation and
skill pre-/postconditions [2]. Rovida et al. extend this concept
by defining skills as software blocks that modify world
states [3], enabling robots to autonomously sequence skills
based on operator-defined goals. These principles are critical
for achieving adaptable, efficient, and scalable production
systems in modern manufacturing.

This work demonstrates on different robotic applications
how skills can be effectively applied in robotics, machining,
and intralogistics. These examples will illustrate how skill-
based approaches can unlock significant gains in productiv-
ity, flexibility, and automation.

II. SKILL-BASED ROBOTICS

Skills are a key element of the Capabilities, Skills and
Services (CSS) Model [4], which provides a standardized
framework for organizing and utilizing functionalities in
industrial systems. While a Capability is an abstract and
implementation-independent specification of an automation
function, a Skill is the executable realization of such a
Capability. In addition, Services are more on the business
level in the context of a digital marketplace. However, this
paper focuses specifically on the concept of skills.

Each skill is accessed and controlled via a standardized
skill interface, which is typically implemented using OPC
UA (Open Platform Communications Unified Architecture).
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OPC UA provides a vendor-neutral framework for commu-
nication and ensures that skills are accessible in a consistent
and interoperable manner across different systems. Through
the skill interface, users can control the skill’s state machine,
monitor its execution, and transfer necessary parameters [5].

In modern manufacturing systems, skills are fundamental
to enabling flexibility and responsiveness. They are employed
to manage and automate complex tasks by dividing the
process into three key phases [6], [7]:

• FeasibilityCheck: This phase determines whether a
skill can be executed under the given parameters. It
often involves simulations, calculations, or analyses to
ensure the task is viable.

• PreconditionCheck: This phase verifies that all neces-
sary conditions for skill execution, such as the avail-
ability of tools or resources, are met.

• SkillExecution: During this phase, the actual task is
carried out. Data generated during execution, such as
performance metrics, is recorded to improve future
operations.

The versatility and modularity of skills make them invalu-
able across a range of manufacturing domains.

A. Pick-and-Place Tasks

Fig. 1. Autonomous sorting of objects by two manipulators sharing a
common workspace [8].

Pick-and-place tasks, implemented as skills, enable as-
sembly, disassembly, and sorting. Autonomous execution by
multiple manipulators requires coordination and collision-
free interaction, achieved through a combination of atomic
and composite skills. Figure 1 illustrates cooperative sorting
of toy truck components by two manipulators executing tasks
simultaneously. Task distribution is optimized using a mixed-
integer bilinear programming approach [9], while trajecto-
ries are planned and executed online via distributed model



predictive control with integrated collision avoidance [10].
Potential deadlocks during execution are reliably detected
by each robot and resolved by a supervisory instance [10].

B. Machining

Fig. 2. Skill-based milling using an industrial robot and attached milling
spindle

Our work in skill-based machining focuses on the direct
production of individualized components by seamlessly in-
tegrating feature extraction from CAD models with modular
skill execution. The goal was to eliminate traditional steps
like CAM programming and G-code generation, reducing
complexity and setup times [11].

We have developed a specialized CAD plug-in that extracts
key geometric features such as holes, pockets, and slots,
along with material and tolerance data, directly from the
CAD model. Capabilities are then used to map these features
to specific manufacturing skills. These manufacturing skills
are provided with a standardized OPC UA-based skill inter-
face. The skill encapsulates the complexity of its machining
processes behind its interface. Fig. 2 shows our robotic cell
with a milling spindle, where tasks such as tool selection,
path planning, and process control are handled autonomously
within the skill [12], [7].

C. Intralogistics

By modeling transport and storage processes through
capabilities, skills, and services, the CSS model standardizes
logistics tasks. Transport systems, such as Automated Guided
Vehicles (AGVs), Autonomous Mobile Robots (AMRs), see
Fig. 3, and conveyors, provide capabilities like transporting
goods, executing handovers, and managing storage. These
are encapsulated as skills that can be orchestrated dynami-
cally based on production demands, enabling adaptive trans-
port planning instead of static logistics routes. [13]

The implemented skill set includes:
• GetTransporter – for reserving and scheduling a trans-

port system
• ReleaseTransporter – for making the transport system

available for new tasks
• Store and Deplete – for managing warehouse operation
• Charge – for handling energy management of mobile

transport systems
These are exemplary; additional skills exist for other

logistics functions. The use of ROS2 and OPC UA ensures

Fig. 3. Autonomous Mobile Robot for developing skills in intralogistics

scalability and interoperability, reducing vendor lock-in and
enabling modular transport fleet expansion. Integrating skill-
based transport planning with OPC UA-based Asset Admin-
istration Shells (AAS) provides a standardized approach to
managing transport tasks across heterogeneous systems. [13]

III. CONCLUSIONS

This work demonstrates how skill-based approach en-
hances efficiency, supports individualized production in in-
dustrial robotic applications, and reduces reliance on manual
intervention, aligning with the principles of Industry 4.0.
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[4] A. Köcher, A. Belyaev, J. Hermann, J. Bock, K. Meixner, M. Volk-
mann, M. Winter, P. Zimmermann, S. Grimm, and C. Diedrich, “A
reference model for common understanding of capabilities and skills
in manufacturing.”

[5] J. Olbort, P. Zimmermann, J. Bock, C. Diedrich, R. Fritz, S. Grimm,
J. Hermann, J. Hoos, A. Kernspecht, J. Nussbaum, M. Volkmann,
A. Wagner, E. Axmann, and J. Albert, “Fähigkeiten in der pro-
duktionsautomatisierung: Konsolidierung des konzepts aus sicht des
maschinen- und anlagenbaus mit dem schwerpunkt opc ua.”

[6] M. Volkmann, A. Sidorenko, A. Wagner, J. Hermann,
T. Legler, and M. Ruskowski, “Integration of a feasibility
and context check into an opc ua skill,” IFAC-PapersOnLine,
vol. 54, no. 1, pp. 276–281, 2021. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S2405896321009678



[7] A. Wagner, S. Lamoth, M. Volkmann, J. Hermann, and M. Ruskowski,
“Interaction between feasibilitycheck, preconditioncheck and skillex-
ecution in skill-based machining,” in 2023 IEEE 28th Interna-
tional Conference on Emerging Technologies and Factory Automation
(ETFA). IEEE, 9/12/2023 - 9/15/2023, pp. 1–8.

[8] N. Gafur, “Optimal task planning and predictive online motion control
for a multi-manipulator system,” PhD thesis, Rheinland-Pfälzischen
Technischen Universität Kaiserslautern-Landau, Kaiserslautern, Ger-
many, December 2024, accepted, to be published.

[9] N. Gafur, V. Yfantis, and M. Ruskowski, “Optimal scheduling and non-
cooperative distributed model predictive control for multiple robotic
manipulators,” in 2021 IEEE/RSJ International Conference on Intelli-
gent Robots and Systems (IROS). IEEE, 2021, pp. 390–397.

[10] N. Gafur, G. Kanagalingam, A. Wagner, and M. Ruskowski, “Dynamic
collision and deadlock avoidance for multiple robotic manipulators,”
IEEE Access, vol. 10, pp. 55 766–55 781, 2022.

[11] A. Wagner, M. Volkmann, J. Hermann, and M. Ruskowski, “Ma-
chining of individualized milled parts in a skill-based production
environment,” in Flexible Automation and Intelligent Manufacturing:
Establishing Bridges for More Sustainable Manufacturing Systems,
ser. Lecture Notes in Mechanical Engineering, F. J. G. Silva, A. B.
Pereira, and R. D. S. G. Campilho, Eds. Cham: Springer Nature
Switzerland, 2023, pp. 283–292.

[12] M. Volkmann, T. Legler, A. Wagner, and M. Ruskowski, “A cad
feature-based manufacturing approach with opc ua skills,” Procedia
Manufacturing, vol. 51, pp. 416–423, 2020.

[13] B. Blumhofer, P. Richard, T. Legler, and M. Ruskowksi, “Enhancing
flexibility in intralogistics 4.0 by using services, capabilities, and
skills,” 2024, 6th International Conference on Industry 4.0 and Smart
Manufacturing.


