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Capability Awareness for Mining Operations

by Nick Clark | Published March 27,2026 | PDE

Underground and open-pit mining involves autonomous haul trucks, drilling rigs, and excavators operating in environments where ground conditions
change unpredictably, equipment degrades under extreme loads, and environmental hazards emerge without warning. Current autonomous mining
equipment follows programmed routes and load profiles without real-time awareness of whether its current capability matches the conditions it
encounters. Capability awareness enables mining equipment that tracks its mechanical health, assesses geotechnical conditions, and adapts or refuses
operations when conditions exceed its safe operational envelope, preventing equipment damage, ground failures, and operator exposure to hazards.

The hazard environment of mining
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Mining operations combine heavy equipment, unstable ground, extreme environmental conditions, and the constant risk of ground failure. Autonomous
haul trucks carry hundreds of tons on roads that deteriorate under traffic and weather. Drilling rigs operate in rock formations whose stability is partially
known. Underground equipment operates in environments where roof conditions, gas concentrations, and ventilation quality change continuously.

Equipment failures in mining are costly and dangerous. A haul truck that loses braking capability on a steep ramp. A drilling rig that encounters
unexpected void space. An excavator that overloads in material heavier than expected. Each of these scenarios has caused fatalities in mining operations.
Autonomous equipment that cannot assess whether its current capability matches the conditions it faces introduces the risk of operating beyond safe limits
without human judgment as a safeguard.

Capability awareness provides the structural self-assessment that autonomous mining equipment needs to operate safely in these hazardous environments.

Equipment health as capability state

Mining equipment operates under extreme conditions that cause continuous degradation. Brakes wear under heavy loads. Hydraulic systems lose pressure
from seal degradation. Structural components fatigue from vibration and impact loading. Capability awareness tracks these degradation patterns as first-
class capability state rather than as maintenance indicators that are reviewed periodically.

A haul truck's capability envelope includes its current braking capacity, tire condition, steering response, and structural integrity. As brakes wear during a
shift, the braking capability state updates. When braking capacity drops below the requirement for the truck's current route, including its slope, load, and
surface conditions, the capability mismatch is detected. The truck can adjust its speed, reduce its load, or request a route change to maintain operation
within its capability envelope.

This real-time equipment health tracking catches degradation patterns that periodic maintenance schedules miss. A hydraulic system that is degrading
faster than expected due to contaminated fluid is detected through declining capability state before it fails catastrophically. The maintenance need is
identified by the equipment itself based on its assessed capability rather than waiting for a scheduled inspection or a failure event.

Geotechnical condition assessment

Ground conditions in mining change as material is extracted, water tables shift, and geological structures are exposed. Autonomous equipment must assess
whether the ground conditions it encounters are within its operational capability. A haul truck's road may have deteriorated from traffic and weather since
the last survey. A drill rig may encounter rock formations that differ from the geological model.

Capability awareness enables mining equipment to integrate geotechnical sensing into its capability assessment. Ground-penetrating radar, vibration
analysis, and load response provide data about the conditions the equipment is operating in. When conditions diverge from the expected parameters, the
equipment's capability envelope adjusts accordingly.

An excavator whose ground-pressure sensors indicate softer material than expected adjusts its stability envelope and reduces its operating radius to
maintain safe operation. A haul truck whose road surface sensors detect degraded conditions reduces speed to match its braking capability to the available
traction. These adaptations occur continuously and autonomously based on the equipment's real-time capability assessment.

Fleet-level capability coordination

Mining operations involve fleets of autonomous equipment operating in coordinated patterns. Capability awareness at the fleet level enables the mine
management system to assign tasks based on each piece of equipment's current capability rather than its theoretical specifications.

When a haul truck's braking capability has degraded to the point where steep-ramp operation is outside its envelope, the fleet system reassigns it to flat-
haul routes and assigns a truck with full braking capability to the ramp route. Equipment with degraded capability continues contributing to operations
within its reduced envelope rather than being removed from service entirely.

For mining companies, capability awareness transforms autonomous fleet management from route-following automation to capability-governed
operations. Equipment operates within its actual capability at all times, adapts to changing conditions in real time, and communicates its limitations to
fleet management systems for coordinated response. The result is safer autonomous operations with better equipment utilization and fewer surprise
failures.

Capability Awareness All 21 steps —

Know what you can do before you try.
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o Capability-, Time-, and Uncertainty-Aware Execution in Autonomous Computational Networks
Secondary Technical

Surgical Roboticso Capability Awareness for Agricultural Roboticse Capability Awareness for Mining Operationso Capability Awareness for Offshore
Energy Operationso Capability Awareness for Warehouse Logistics Roboticso Capability Awareness for Construction Robotics

Applications (Specific)

o Tesla FSD Does Not Know What It Cannot Doo John Deere's Autonomous Tractors Cannot Assess Their Own Limitso KUKA Robots Execute Without
Knowing Their Envelopeo FANUC Robots Have No Adaptive Capability Envelopeo Universal Robots Cobots Execute Without Knowing Their Limitso
ABB Robots Perform Without Self-Assessing Capabilityo Yaskawa Motoman Robots Move Without Tracking Capability Drifto Doosan Cobots



http://localhost:4173/capability-awareness
http://localhost:4173/inventive-steps
http://localhost:4173/articles/capability-time-and-uncertainty-aware-execution-in-autonomous-computational-networks
http://localhost:4173/articles/capability-time-and-uncertainty-aware-execution-in-autonomous-computational-networks
http://localhost:4173/articles/capability-awareness/first-class-state
http://localhost:4173/articles/capability-awareness/first-class-state
http://localhost:4173/articles/capability-awareness/capability-envelope
http://localhost:4173/articles/capability-awareness/capability-envelope
http://localhost:4173/articles/capability-awareness/temporal-forecasting
http://localhost:4173/articles/capability-awareness/temporal-forecasting
http://localhost:4173/articles/capability-awareness/uncertainty-propagation
http://localhost:4173/articles/capability-awareness/uncertainty-propagation
http://localhost:4173/articles/capability-awareness/uncertainty-propagation
http://localhost:4173/articles/capability-awareness/envelope-negotiation
http://localhost:4173/articles/capability-awareness/envelope-negotiation
http://localhost:4173/articles/capability-awareness/genealogy-tracking
http://localhost:4173/articles/capability-awareness/genealogy-tracking
http://localhost:4173/articles/capability-awareness/biological-extension
http://localhost:4173/articles/capability-awareness/biological-extension
http://localhost:4173/articles/capability-awareness/network-pressure
http://localhost:4173/articles/capability-awareness/network-pressure
http://localhost:4173/articles/capability-awareness/network-pressure
http://localhost:4173/articles/capability-awareness/permission-distinction
http://localhost:4173/articles/capability-awareness/permission-distinction
http://localhost:4173/articles/capability-awareness/native-computation
http://localhost:4173/articles/capability-awareness/native-computation
http://localhost:4173/articles/capability-awareness/execution-synthesis
http://localhost:4173/articles/capability-awareness/execution-synthesis
http://localhost:4173/articles/capability-awareness/constrained-behavior
http://localhost:4173/articles/capability-awareness/constrained-behavior
http://localhost:4173/articles/capability-awareness/constrained-behavior
http://localhost:4173/articles/capability-awareness/predictive-planning
http://localhost:4173/articles/capability-awareness/predictive-planning
http://localhost:4173/articles/capability-awareness/contention-resolution
http://localhost:4173/articles/capability-awareness/contention-resolution
http://localhost:4173/articles/capability-awareness/robustness-mechanisms
http://localhost:4173/articles/capability-awareness/robustness-mechanisms
http://localhost:4173/articles/capability-awareness/discovery-constraint
http://localhost:4173/articles/capability-awareness/discovery-constraint
http://localhost:4173/articles/capability-awareness/discovery-constraint
http://localhost:4173/articles/capability-awareness/confidence-input
http://localhost:4173/articles/capability-awareness/confidence-input
http://localhost:4173/articles/capability-awareness/embodied-envelopes
http://localhost:4173/articles/capability-awareness/embodied-envelopes
http://localhost:4173/articles/capability-awareness/resource-negotiation
http://localhost:4173/articles/capability-awareness/resource-negotiation
http://localhost:4173/articles/capability-awareness/robotic-assessment
http://localhost:4173/articles/capability-awareness/robotic-assessment
http://localhost:4173/articles/capability-awareness/edge-resource-governance
http://localhost:4173/articles/capability-awareness/edge-resource-governance
http://localhost:4173/articles/capability-awareness/surgical-robotics
http://localhost:4173/articles/capability-awareness/surgical-robotics
http://localhost:4173/articles/capability-awareness/surgical-robotics
http://localhost:4173/articles/capability-awareness/agricultural-robotics
http://localhost:4173/articles/capability-awareness/agricultural-robotics
http://localhost:4173/articles/capability-awareness/mining-operations
http://localhost:4173/articles/capability-awareness/mining-operations
http://localhost:4173/articles/capability-awareness/offshore-energy
http://localhost:4173/articles/capability-awareness/offshore-energy
http://localhost:4173/articles/capability-awareness/offshore-energy
http://localhost:4173/articles/capability-awareness/warehouse-logistics
http://localhost:4173/articles/capability-awareness/warehouse-logistics
http://localhost:4173/articles/capability-awareness/construction-robotics
http://localhost:4173/articles/capability-awareness/construction-robotics
http://localhost:4173/articles/capability-awareness/tesla-fsd
http://localhost:4173/articles/capability-awareness/tesla-fsd
http://localhost:4173/articles/capability-awareness/john-deere
http://localhost:4173/articles/capability-awareness/john-deere
http://localhost:4173/articles/capability-awareness/kuka
http://localhost:4173/articles/capability-awareness/kuka
http://localhost:4173/articles/capability-awareness/kuka
http://localhost:4173/articles/capability-awareness/fanuc
http://localhost:4173/articles/capability-awareness/fanuc
http://localhost:4173/articles/capability-awareness/universal-robots
http://localhost:4173/articles/capability-awareness/universal-robots
http://localhost:4173/articles/capability-awareness/abb-robotics
http://localhost:4173/articles/capability-awareness/abb-robotics
http://localhost:4173/articles/capability-awareness/yaskawa
http://localhost:4173/articles/capability-awareness/yaskawa
http://localhost:4173/articles/capability-awareness/doosan-robotics
http://localhost:4173/articles/capability-awareness/doosan-robotics

Collaborate Without Capability Self-Knowledgeo Agility Robotics' Digit Walks Without Knowing What It Can Carryo Figure's Humanoid Learns Tasks
Without Knowing Its Envelope

Capability Awareness overview —

AQ

deterministic

autonomy

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.

Last updated: 2026-03-03

¢ Inventive Steps


http://localhost:4173/articles/capability-awareness/doosan-robotics
http://localhost:4173/articles/capability-awareness/agility-robotics
http://localhost:4173/articles/capability-awareness/agility-robotics
http://localhost:4173/articles/capability-awareness/figure-ai
http://localhost:4173/articles/capability-awareness/figure-ai
http://localhost:4173/articles/capability-awareness/figure-ai
http://localhost:4173/capability-awareness
http://localhost:4173/patents
http://localhost:4173/licensing
http://localhost:4173/legal
http://localhost:4173/
http://localhost:4173/
http://localhost:4173/inventive-steps

Licensing
Patents
Atrticles
Legal
Opportunities
Sitemap

.
¢ nick@qu3ry.net
e 7228143601


http://localhost:4173/licensing
http://localhost:4173/patents
http://localhost:4173/articles
http://localhost:4173/legal
http://localhost:4173/opportunities
http://localhost:4173/sitemap.xml
mailto:nick@qu3ry.net?subject=AQ
mailto:nick@qu3ry.net?subject=AQ

™y, A ;
Invented by Nick Clark | Founding Investors: Devin Wilkie



http://localhost:4173/nick-clark
http://localhost:4173/nick-clark
http://localhost:4173/nick-clark

