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Construction sites are among the most challenging environments for autonomous robots. The site changes daily as construction progresses. Floor surfaces
transition from bare earth to poured concrete. Structural elements appear where open space existed the day before. Human workers share the same space
in unpredictable patterns. Capability awareness gives construction robots the self-knowledge to operate in these dynamic conditions, assessing their
current capability against the site's actual state and adapting their operations, safety margins, and task acceptance based on real-time conditions rather than
static site plans that were outdated the day they were published.

Construction sites as dynamic environments
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Unlike factory environments where conditions are controlled and predictable, construction sites change fundamentally as the project progresses. The
building itself is being created, so the environment the robot operates in is continuously transformed by the work being done. A path that was clear
yesterday has a steel column today. A floor that was level last week has a trench for utilities this week.

Current construction robots operate with pre-loaded site models that are updated periodically from BIM data and site surveys. Between updates, the
robot's model of the site diverges from reality. The robot may attempt to navigate through areas that are now obstructed, deliver materials to locations that
have changed, or operate in areas where new hazards have appeared.

Capability awareness enables construction robots to assess the gap between their model and reality in real time. When the robot's sensors detect conditions
that differ from its model, its capability envelope adjusts. Navigation capability narrows in areas with unmapped obstacles. Placement precision adjusts
when the target area has changed from the planned configuration. The robot adapts to the actual site conditions rather than relying on an increasingly stale
model.

Task-specific capability for construction work
Construction involves diverse tasks with different capability requirements. Material transport requires payload capacity and navigation through rough
terrain. Precision placement of structural elements requires positional accuracy and controlled force application. Surface finishing requires consistent
application pressure and speed. Welding requires thermal control and positional stability.

Capability awareness enables construction robots to evaluate their current capability against each task's specific requirements. A robot whose positional
accuracy has degraded due to vibration exposure during transport operations may lack the precision for structural placement but retain adequate capability
for material delivery. Rather than being removed from operations entirely, the robot continues contributing within its current capability envelope.

Task acceptance becomes a governed decision. When the construction management system assigns a task, the robot evaluates the task requirements
against its current capability state. If the match is adequate, the task is accepted. If there is a capability shortfall, the robot communicates the specific
limitation, enabling the management system to reassign the task or adjust the approach.

Safety in shared human-robot construction
Construction sites will remain shared human-robot environments for the foreseeable future. Construction workers perform tasks that are difficult to
automate alongside robots performing tasks where automation provides efficiency or safety advantages. The safety challenge is managing this shared
space with continuously changing conditions and workforce patterns.

Capability awareness addresses construction site safety by dynamically adjusting robot behavior based on its real-time capability relative to the human
activity in its vicinity. When the robot's sensor capability is reduced by dust, rain, or sun glare, its safety perimeter increases and its speed decreases. When
the robot's braking capability has degraded from operating on loose material, its approach distances to human-occupied areas increase.

These dynamic safety adjustments mean that the robot always maintains appropriate safety margins based on its actual capability, not conservative fixed
parameters that may be insufficient when capability has degraded or unnecessarily restrictive when capability is full.

Advancing construction automation
For construction companies, capability-aware robots provide more reliable autonomous operation on active construction sites. Robots adapt to site
changes, assess their own fitness for each assigned task, and maintain dynamic safety margins. The result is more productive autonomous hours per shift
and fewer interruptions from capability-exceeding assignments.

For the construction industry facing severe labor shortages, capability-aware robots provide the adaptive autonomous capability that dynamic construction
environments demand. The robot does not need a perfectly modeled, perfectly controlled environment to operate productively. It needs to know its own
capability and to assess whether that capability matches the conditions and tasks it encounters. Capability awareness provides precisely this structural self-
knowledge.

Capability Awareness All 21 steps →

Know what you can do before you try.

Primary Technical Disclosure
○ Capability-, Time-, and Uncertainty-Aware Execution in Autonomous Computational Networks
Secondary Technical
○ Capability as First-Class Computational State○ Capability Envelope for Substrates○ Temporal Executability Forecasting○ Uncertainty as First-Class
Propagated Variable○ Capability Envelope Negotiation○ Capability Genealogy Tracking○ Biological Capability Extension○ Network-Level Capability
Pressure○ Capability-Permission Distinction○ Capability-Native Computation○ Execution Synthesis and Non-Synthesis○ Agent Behavior Under
Constraints○ Predictive Network Planning○ Multi-Agent Contention Resolution○ Capability Robustness Mechanisms○ Capability-Modulated Discovery
Traversal○ Capability as Confidence Input○ Embodied Capability Envelopes○ Substrate Resource Negotiation
Applications (General)
○ Robotic Capability Assessment Before Commitment○ Edge Computing Resource Governance Through Capability Envelopes○ Capability Awareness for
Surgical Robotics○ Capability Awareness for Agricultural Robotics○ Capability Awareness for Mining Operations○ Capability Awareness for Offshore
Energy Operations○ Capability Awareness for Warehouse Logistics Robotics● Capability Awareness for Construction Robotics
Applications (Specific)
○ Tesla FSD Does Not Know What It Cannot Do○ John Deere's Autonomous Tractors Cannot Assess Their Own Limits○ KUKA Robots Execute Without
Knowing Their Envelope○ FANUC Robots Have No Adaptive Capability Envelope○ Universal Robots Cobots Execute Without Knowing Their Limits○
ABB Robots Perform Without Self-Assessing Capability○ Yaskawa Motoman Robots Move Without Tracking Capability Drift○ Doosan Cobots
Collaborate Without Capability Self-Knowledge○ Agility Robotics' Digit Walks Without Knowing What It Can Carry○ Figure's Humanoid Learns Tasks
Without Knowing Its Envelope
Capability Awareness overview →
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Legal

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
granted. Any use requires a separate written agreement—see Licensing. Patent applications referenced on this site are pending. Claim scope, if any, is
subject to examination and may issue in altered form or not at all. See Legal for terms and conditions.

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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