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Universal Robots Cobots Execute Without Knowing Their Limits

by Nick Clark | Published March 28,2026 | PDF

Universal Robots democratized collaborative robotics with the UR series: force-limited robot arms that work alongside humans without safety cages. The
engineering achievement is substantial. Force sensing, configurable safety planes, and compliant motion control enable cobots to share workspace with
human operators safely. But force limiting is a safety mechanism, not capability awareness. The cobot does not maintain a persistent model of what it can
and cannot do given its current state, tool configuration, environmental conditions, and accumulated wear. It executes commanded tasks within force limits
without knowing whether it can actually accomplish them. Capability awareness provides this: a persistent capability envelope that the robot maintains,
forecasts, and negotiates as a first-class computational state.

What Universal Robots built
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The UR series cobots combine six-axis articulated arms with integrated force-torque sensing, configurable safety limits, and intuitive programming
interfaces. The force-limiting safety system ensures that contact forces between the robot and human operators stay within safe thresholds. Safety planes
define virtual boundaries that the robot cannot cross. The programming interface allows non-expert operators to teach new tasks through physical guidance
and graphical programming.

The cobots execute programmed tasks within their defined safety parameters. When external forces exceed configured thresholds, the robot stops. When
the commanded trajectory would violate a safety plane, the motion is rejected. These are reactive safety mechanisms that prevent harm. They do not
inform the robot about what it can accomplish.

The gap between safety limits and capability awareness

A UR cobot assigned to a precision assembly task executes the programmed trajectory. If the tool has accumulated positioning error from wear, the cobot
does not know this. If the payload has shifted slightly, the cobot compensates through force control but does not update a model of its current capability. If
thermal expansion has affected joint precision over an eight-hour shift, the cobot continues executing within force limits without knowing that its actual
positioning capability has degraded below the task requirements.

The consequence is that the cobot discovers capability limitations through failure rather than through self-awareness. A part is placed incorrectly, a force
limit is triggered during insertion, or a quality check fails downstream. The cobot was operating within its safety limits throughout. It was operating
outside its capability envelope without knowing it because no capability envelope was maintained.

In collaborative scenarios, the gap matters for human-robot coordination. A human operator needs to know what the cobot can reliably accomplish right
now, not what it was programmed to do. If the cobot's capability has degraded due to environmental conditions, the human operator should adjust their
coordination accordingly. Without capability awareness, the human discovers the limitation through task failure.

What capability awareness provides

The capability envelope maintains a persistent, multi-dimensional representation of what the robot can accomplish given its current state. Positioning
accuracy, payload capacity, speed limits, force application range, and tool condition are each tracked as evolving state variables. Temporal executability
forecasting projects how these capabilities will change over the shift: thermal effects, wear accumulation, and calibration drift are modeled forward in
time.

Envelope negotiation enables the cobot to communicate its current capabilities to the task planner and to human collaborators. When a task request falls
outside the current capability envelope, the robot does not attempt and fail. It reports the gap: the task requires positioning accuracy of 0.05mm, current
capability is 0.08mm due to thermal drift. The human operator decides whether to recalibrate, adjust tolerances, or reassign the task.

The structural requirement

Universal Robots made collaborative robotics accessible and safe. The structural gap is capability self-knowledge: the persistent model of what the robot
can accomplish that evolves with conditions, forecasts changes, and communicates limitations before task failure reveals them. Capability awareness as a
computational primitive transforms a safely-executing cobot into a self-aware one that knows its limits, tracks their evolution, and negotiates tasks based
on current capability rather than nominal specification.

Capability Awareness All 21 steps —

Know what you can do before you try.

Primary Technical Disclosure
o Capability-, Time-, and Uncertainty-Aware Execution in Autonomous Computational Networks
Secondary Technical

Applications (General)

o Robotic Capability Assessment Before Commitmento Edge Computing Resource Governance Through Capability Envelopeso Capability Awareness for
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o Tesla FSD Does Not Know What It Cannot Doo John Deere's Autonomous Tractors Cannot Assess Their Own Limitso KUKA Robots Execute Without
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Subject to one or more pending U.S. and international patent applications, see Patents for the current list and status. No license, express or implied, is
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Adaptive Query™ is a trademark of Nicholas Clark. U.S. federal registration is pending. federal registration. AQ™ , AQ Inside™ , Adaptive Index™ ,
Adaptive Network™ , Semantic Agent™ , @ AQ™ , AQID™ , and Adaptive Coin™ are used as trademarks in connection with the Adaptive Query platform
and brand. Other names may be trademarks of their respective owners.

Platform operated by Adaptive Query LLC, which provides patent and trademark licensing services. Copyright © 2025-2026 Nicholas Clark. All rights
reserved.
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