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Human-Machine Teaming and Autonomous Systems

Human-Machine Teaming refers to the collaborative partnership between people and automated agents in
which each participant contributes its unique strengths to achieve a shared mission objective. In a defense
context, the human brings judgment, ethical reasoning, and contextual awareness, while the machine
contributes speed, data‑processing capacity, and consistency. An example is a joint strike team where a
commander issues a high‑level intent, an autonomous drone interprets the intent, selects optimal flight
paths, and provides real‑time feedback that the commander can accept, modify, or reject. The success of
such teaming depends on clear communication protocols, shared mental models, and adaptive trust
relationships.

Autonomous Systems are platforms that can operate with varying degrees of independence from direct
human control. They range from fully unmanned aerial vehicles that execute pre‑planned missions to
self‑organizing ground robots that dynamically allocate tasks among themselves. A practical application is a
convoy protection system where unmanned ground vehicles patrol the flanks of a logistics column,
autonomously detecting and responding to threats while reporting status to a human overseer. Challenges
include ensuring reliable perception in contested environments, maintaining mission alignment when the
system encounters unexpected obstacles, and guaranteeing that the system can be safely overridden if
necessary.

Artificial Intelligence (AI) is the broader scientific discipline that enables machines to perform tasks that
normally require human intelligence. Within AI, Machine Learning (ML) is a subset that focuses on
algorithms that improve performance through experience. In the defense industry, ML models are used to
analyze sensor streams, predict equipment failures, and classify enemy signatures. For instance, a
deep‑learning model trained on radar returns can distinguish between a small unmanned aerial system and
a bird, reducing false alarms for operators. However, the opaqueness of many ML techniques raises
concerns about explainability and accountability, especially when decisions have life‑or‑death
consequences.

Supervised Learning is a training paradigm where the algorithm learns from labeled examples. In a
battlefield scenario, a supervised model might be taught to recognize improvised explosive devices (IEDs)
by providing thousands of annotated images. Once trained, the model can flag potential IEDs in live video
feeds, allowing human analysts to verify and act on the alerts. The quality of the training data, the diversity
of operational conditions, and the ability to update the model as new threats emerge are critical factors that
determine effectiveness.

Unsupervised Learning does not rely on explicit labels; instead, it discovers patterns or clusters within raw
data. A practical use case is anomaly detection in network traffic. By modeling normal communication
patterns, the system can highlight deviations that may indicate a cyber intrusion. The challenge lies in
distinguishing benign irregularities from malicious activity, which often requires domain expertise to

Read online: https://learnuni.com/guides/5321169/human-machine-
teaming-and-autonomous-systems

LearnUNI · 20 Jun 2026



G U I D E

interpret the output and adjust sensitivity thresholds.

Reinforcement Learning (RL) involves an agent that learns to make sequential decisions by receiving
rewards or penalties from its environment. An RL‑enabled autonomous UAV might learn optimal loiter
patterns that maximize surveillance coverage while minimizing fuel consumption. The learning process can
be simulated extensively before deployment, but transferring policies from a simulated environment to the
real world introduces the “reality gap” problem, where unmodeled physical dynamics cause the agent to
behave unpredictably.

Swarm Robotics draws inspiration from biological collectives such as ant colonies or bird flocks. In a swarm,
each robot follows simple local rules, yet the group exhibits complex, emergent behavior. A defense
application includes a swarm of micro‑UAVs that disperse over a wide area, collectively mapping terrain,
locating survivors, or delivering electronic warfare payloads. The benefits are redundancy, scalability, and
resilience to individual unit loss. However, coordinating a large number of agents while preventing
unintended collusion or interference with friendly forces requires robust communication protocols and
conflict‑resolution mechanisms.

Distributed Cognition is a theoretical framework that treats cognition as a process that spans people, tools,
and artifacts. In a joint command center, the distributed cognition model helps designers allocate
information displays, decision aids, and autonomous agents so that the team’s collective understanding is
optimized. For example, a visual map that integrates sensor data from unmanned platforms, AI‑generated
threat assessments, and human annotations enables a commander to maintain situational awareness
without being overloaded by raw data streams. The challenge is to balance automation benefits with the
risk of “out‑of‑the‑loop” syndrome, where humans become disengaged and lose the ability to intervene
effectively.

Decision Loop (also known as the OODA loop – Observe, Orient, Decide, Act) is a core concept in military
operations. When autonomous systems are introduced, the loop is extended to include machine perception
and recommendation phases. An autonomous sensor platform may observe an area, orient by classifying
detected objects, decide on a recommended course of action, and then await a human’s final approval
before acting. This hybrid loop aims to accelerate the speed of decision making while preserving human
authority. Tuning the timing and fidelity of each stage is essential to avoid premature actions or decision
paralysis.

Situational Awareness (SA) is the perception of elements in the environment, comprehension of their
meaning, and projection of their future status. Autonomous systems can augment SA by fusing data from
disparate sensors, performing rapid analytics, and presenting concise summaries. For instance, a forward
operating base might deploy an autonomous perimeter monitoring system that detects motion, classifies
the source, and projects potential intrusion paths, delivering a concise SA update to the base commander.
The difficulty lies in ensuring that the system’s output is trustworthy, timely, and presented in a format that
aligns with human cognitive processing.

Trust Calibration describes the process of aligning a human operator’s trust level with the actual reliability of
an autonomous system. Over‑trust can lead to complacency, while under‑trust can cause unnecessary
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manual intervention. Effective calibration techniques include transparent performance metrics, explainable
decision rationales, and adaptive training that exposes operators to a range of system behaviors. For
example, a simulation that intentionally injects faults into an autonomous reconnaissance drone can teach
operators to recognize when the system’s confidence is low and to intervene accordingly. Continuous
monitoring of trust dynamics during live missions is also necessary, as trust can drift over time.

Explainability (often abbreviated XAI) refers to the ability of an AI system to provide understandable reasons
for its outputs. In defense, explainability is crucial for accountability, especially when autonomous weapons
are involved. A rule‑based classifier that flags a target as hostile can be accompanied by a textual
justification that cites specific sensor signatures, confidence scores, and rule thresholds. More complex
deep‑learning models may generate heatmaps or surrogate decision trees to approximate their reasoning.
The trade‑off is that adding explainability layers can increase computational load and may expose sensitive
algorithmic details to adversaries.

Ethical AI encompasses design principles that ensure autonomous systems act in accordance with legal
norms, moral values, and societal expectations. Key considerations include minimizing civilian harm,
respecting proportionality, and providing mechanisms for attribution. A practical example is the
implementation of a “kill‑switch” that requires a human to authorize lethal force after the AI has identified a
target. Ethical AI also demands rigorous testing, documentation of decision criteria, and independent
oversight. Balancing mission effectiveness with ethical constraints often creates tension, especially in
high‑tempo operations where rapid decisions are prized.

Human‑in‑the‑Loop (HITL) describes a configuration where a human must approve or modify every critical
decision before the machine executes it. This architecture maximizes control and accountability but can
introduce latency. In a missile defense scenario, an autonomous radar system may detect an incoming
projectile, calculate intercept trajectories, and present the recommendation to a human operator who must
give final launch authorization. The system’s design must ensure that the operator receives sufficient
information quickly enough to meet the engagement timeline.

Human‑on‑the‑Loop (HOTL) allows the autonomous system to act autonomously while a human monitors
its performance and can intervene if necessary. This configuration is suited for tasks that require rapid
response but also benefit from human oversight. An example is an autonomous ground combat vehicle that
navigates urban terrain, engages targets based on pre‑approved rules of engagement, and streams video to
a remote operator who can issue a “stop” command if an anomaly is detected. HOTL reduces operator
workload while preserving a safety net.

Human‑out‑of‑the‑Loop (HOOTL) refers to fully autonomous operation with no real‑time human
supervision. While this mode can achieve the highest speed, it raises significant ethical and legal concerns,
especially for lethal systems. In practice, HOOTL is typically limited to non‑lethal functions such as logistics,
reconnaissance, or maintenance. For instance, an autonomous supply convoy can navigate to a forward
base without human input, relying on pre‑planned routes and dynamic obstacle avoidance. The challenge is
to define clear boundaries for HOOTL use and to ensure that the system can safely transition to a lower
autonomy level if the operational context changes.
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Command and Control (C2) is the exercise of authority and direction by a commander over assigned forces.
Integrating autonomous systems into C2 structures requires new doctrines, interfaces, and decision‑making
processes. A modern C2 system might display a hierarchical view where high‑level mission objectives are
assigned to autonomous task forces, each of which reports status, resource consumption, and risk
assessments back to the commander. The key is to embed autonomous capabilities without overwhelming
the commander with excessive data or diminishing the clarity of command relationships.

Mission Assurance is the discipline of ensuring that a mission can be accomplished despite adverse
conditions, including equipment failures, cyber attacks, or environmental disruptions. Autonomous systems
contribute to mission assurance by providing redundancy, rapid re‑planning, and adaptive behavior. For
example, if a primary communications link is compromised, an autonomous UAV can automatically establish
an alternate relay path, preserving command connectivity. Nevertheless, mission assurance demands
rigorous testing of failure modes, validation of fallback procedures, and assurance that autonomous
decisions do not inadvertently compromise other mission elements.

Cyber Resilience describes the ability of a system to continue operating securely in the face of cyber threats.
Autonomous platforms, which rely on software and networked sensors, are attractive targets for adversaries
seeking to disrupt or manipulate their behavior. Defensive measures include hardened firmware, encrypted
communications, intrusion detection algorithms, and the capability to operate in a degraded mode if a
breach is detected. A practical illustration is an autonomous underwater vehicle that, upon detecting a
potential spoofing attack on its navigation system, switches to inertial navigation and surfaces for GPS lock,
thereby maintaining mission integrity.

Data Fusion is the process of integrating information from multiple sources to produce a more accurate,
comprehensive picture than any single source could provide. In a human‑machine team, data fusion may
combine satellite imagery, ground sensor feeds, and AI‑generated threat assessments into a unified
operational picture. The fused data can be presented as layered maps, alerting operators to
high‑confidence engagements while suppressing low‑confidence noise. Effective data fusion requires
consistent data formats, time synchronization, and algorithms that can handle uncertainty and conflicting
inputs.

Latency is the delay between the occurrence of an event and the system’s response to that event. Low
latency is vital for time‑critical tasks such as air defense, where split‑second decisions can determine
success. Autonomous systems can reduce latency by processing sensor data locally, avoiding reliance on
bandwidth‑limited communications. However, low latency must be balanced against the need for thorough
analysis; overly aggressive automation may act on incomplete information, leading to false positives.
Designers must therefore define acceptable latency thresholds for each operational context.

Robustness refers to the ability of an autonomous system to maintain performance under varying
conditions, including sensor noise, environmental disturbances, or adversarial interference. Robust
perception algorithms may use multimodal sensor inputs—such as visual, infrared, and acoustic data—to
mitigate the impact of a single degraded sensor. In practice, a robust autonomous patrol robot might
continue to navigate effectively even when its lidar is partially obscured by dust, by relying on wheel
odometry and visual odometry. Testing robustness involves stress‑testing the system across the full
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envelope of expected operational scenarios.

Adaptability is the capacity of a system to modify its behavior in response to new information or changing
mission requirements. Machine‑learning‑based controllers can adjust parameters on‑line, enabling an
autonomous aircraft to optimize fuel consumption as wind conditions evolve. Adaptability also
encompasses higher‑level re‑tasking, where an autonomous logistics platform can be reassigned from
delivering ammunition to transporting medical supplies without extensive re‑programming. The challenge is
to ensure that adaptive changes remain within doctrinal constraints and do not violate safety or legal
boundaries.

Interoperability describes the ability of different systems, platforms, and agencies to work together
seamlessly. In coalition operations, autonomous assets from multiple nations must exchange data, adhere
to common communication standards, and respect shared rules of engagement. An example is a joint
maritime patrol where unmanned surface vessels from allied navies coordinate to cover a wide area,
exchanging track data via standardized link protocols. Interoperability challenges include reconciling
differing security classifications, varying firmware versions, and divergent operational doctrines.

Human Factors is the discipline that studies how humans interact with technology, focusing on ergonomics,
cognition, and behavior. When integrating autonomous systems, human‑factors engineers assess workload
distribution, interface design, and potential for operator fatigue. A well‑designed control console might
present AI recommendations on a secondary display, allowing the operator to maintain primary focus on
mission objectives. Poorly designed interfaces can lead to mode confusion, where operators mistakenly
believe they are in manual control while the system is still acting autonomously. Human‑factors testing
therefore informs the layout of alerts, the phrasing of prompts, and the sequencing of actions.

Resilience Engineering is an approach that emphasizes the ability of a system to anticipate, absorb, recover
from, and adapt to disruptions. In autonomous defense platforms, resilience engineering might involve
designing redundant sensor suites, implementing self‑diagnostic routines, and establishing fallback decision
pathways. For instance, an autonomous air‑defense node could detect a sensor failure, reconfigure its
detection algorithms to rely on alternate inputs, and continue to provide coverage while notifying
higher‑level command. The focus is on proactive design rather than reactive repair.

Risk Management is the systematic process of identifying, assessing, and mitigating threats to mission
success. Autonomous systems introduce new risk vectors, such as algorithmic bias, unintended escalation,
or loss of control. A risk‑assessment matrix for an autonomous reconnaissance mission would evaluate the
probability of sensor spoofing, the impact of false target identification, and the effectiveness of mitigation
measures such as multi‑layer verification. Ongoing risk monitoring, coupled with adaptive mitigation
strategies, is essential to maintain operational confidence.

Ethical Governance encompasses policies, oversight bodies, and compliance mechanisms that ensure
autonomous systems are developed and employed responsibly. In a defense acquisition program, ethical
governance may require an independent review board to evaluate the system’s compliance with
international humanitarian law, to certify that appropriate human oversight mechanisms are embedded, and
to approve deployment plans. Governance frameworks also dictate documentation standards, audit trails,
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and procedures for de‑commissioning systems that no longer meet ethical criteria.

Legal Attribution refers to the ability to assign responsibility for actions taken by autonomous systems. This
is particularly important when lethal force is applied. Attribution mechanisms may include immutable logs
that record sensor inputs, algorithmic decisions, and human approvals. In the event of an incident, these
logs can be examined to determine whether the system acted within its programmed constraints and
whether the human operator exercised appropriate oversight. Legal attribution thus supports accountability
and facilitates post‑mission reviews.

Mission Planning is the process of defining objectives, allocating resources, and sequencing tasks to achieve
a desired outcome. Autonomous agents can assist in mission planning by performing rapid feasibility
analyses, generating optimal routes, and simulating potential threat scenarios. For example, a planning tool
might ingest terrain data, enemy air‑defense locations, and fuel constraints to propose a set of autonomous
strike routes that maximize target coverage while minimizing exposure. The planner then reviews, adjusts,
and approves the suggested plan, ensuring alignment with strategic intent.

Autonomy Levels are classifications that describe the degree of independence an autonomous system
possesses, ranging from manual control to full autonomy. The widely cited taxonomy includes levels such
as: (1) Manual, where the human performs all functions; (2) assisted, where the system provides decision
aids; (3) partial autonomy, where the system can execute certain tasks without human input; (4) full
autonomy, where the system operates without human intervention. Understanding these levels helps
commanders decide how much control to retain and how to allocate oversight resources.

Feedback Control is a mechanism by which a system continuously monitors its output and adjusts its inputs
to achieve desired performance. In autonomous navigation, feedback control loops regulate speed,
heading, and altitude based on sensor measurements. An autonomous surface vessel may use GPS position
as feedback, adjusting thrust to maintain a prescribed waypoint. Robust feedback control must account for
latency, sensor noise, and external disturbances, ensuring stability and preventing oscillatory behavior.

Predictive Maintenance leverages data analytics and AI to forecast equipment failures before they occur,
allowing proactive replacement or repair. Autonomous platforms equipped with health‑monitoring sensors
can report degradation trends, such as increased vibration in rotor bearings, prompting maintenance crews
to intervene before catastrophic failure. Predictive maintenance reduces downtime, extends platform
lifespan, and enhances overall mission readiness. Implementation challenges include acquiring high‑quality
training data, integrating maintenance workflows, and ensuring that predictions are communicated clearly
to operators.

Sensor Fusion is a specific type of data fusion that combines raw inputs from multiple sensors to produce a
more accurate estimate of the environment. For an autonomous ground vehicle, sensor fusion may merge
lidar point clouds, radar doppler data, and camera images to generate a reliable obstacle map, even in
adverse weather. Sensor fusion algorithms must handle differing sensor modalities, update rates, and
confidence levels. Fault detection within sensor fusion is critical; if one sensor provides corrupted data, the
system must identify and isolate the faulty input to prevent erroneous decisions.
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Operational Tempo (OPTempo) describes the speed at which military operations are conducted. Modern
conflicts often demand high OPTempo, requiring rapid decision cycles and swift execution. Autonomous
systems can accelerate OPTempo by automating routine tasks, processing large data volumes, and
executing actions with minimal delay. However, accelerating OPTempo without adequate oversight can
increase the risk of unintended escalation. Balancing speed with deliberation involves establishing clear
thresholds for when autonomous actions are permissible and when they must be escalated to human
decision makers.

Human‑Machine Interface (HMI) encompasses the hardware and software through which operators interact
with autonomous systems. Effective HMI design presents AI recommendations in a clear, concise manner,
supports rapid acknowledgment, and provides mechanisms for operators to request additional information
or override actions. For a command console, a common HMI pattern is a primary display showing the
mission timeline, with a secondary pane that highlights AI‑generated alerts, each accompanied by a brief
rationale. The interface must also support situational awareness cues, such as auditory alerts for
high‑priority events, while avoiding sensory overload.

Transparency is the quality of a system being open about its inner workings, decision criteria, and
limitations. Transparent autonomous systems enable operators to understand why a particular
recommendation was made, fostering trust and facilitating better decision making. Transparency can be
achieved through model documentation, visual explanations, and real‑time performance metrics. In
defense, transparency must be balanced against operational security; revealing too much about algorithmic
processes could aid adversaries. Hence, designers often employ selective transparency, exposing only the
information necessary for effective human oversight.

Scalability refers to the ability of an autonomous solution to maintain performance as the number of
agents, data volume, or operational area grows. A scalable swarm control algorithm can manage a few
dozen UAVs as easily as several hundred, without a linear increase in computational load. Scalability
considerations include distributed processing, hierarchical control structures, and efficient communication
protocols. In large‑scale operations, scalability directly impacts the feasibility of deploying autonomous
assets across expansive theaters of operation.

Latency Tolerance is the degree to which a system can accommodate delays without compromising mission
outcomes. Certain tasks, such as long‑range strategic targeting, may tolerate higher latency because
decisions are deliberative. Conversely, close‑in air defense requires minimal latency to intercept fast‑moving
threats. Designing autonomous systems with adjustable latency tolerance allows them to adapt to varying
bandwidth conditions, switching between high‑speed local processing and lower‑speed cloud‑based
analytics as connectivity changes.

Red Teaming is an adversarial testing approach where a dedicated group attempts to discover
vulnerabilities, exploit weaknesses, and challenge assumptions about autonomous systems. Red‑team
exercises may simulate cyber attacks on communication links, introduce sensor spoofing, or attempt to
deceive AI perception modules with adversarial images. The insights gained from red teaming inform
hardening measures, improve robustness, and enhance trust. Conducting regular red‑team assessments is
essential for maintaining operational security in the face of evolving threats.
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Simulation‑in‑the‑Loop (SITL) and Hardware‑in‑the‑Loop (HITL) are testing methodologies that integrate
software simulations or actual hardware components into the development cycle. SITL allows developers to
evaluate algorithmic behavior in a virtual environment before field deployment, while HITL introduces real
sensors or actuators to validate performance under realistic conditions. For an autonomous underwater
vehicle, SITL can model ocean currents and sonar returns, whereas HITL can test pressure‑resistant hulls and
propulsion systems. Combining both approaches accelerates development, reduces risk, and ensures that
the final system behaves as expected in operational settings.

Mission‑Critical functions are those whose failure would jeopardize the success of the overall operation.
Autonomous systems often assume mission‑critical roles, such as providing persistent surveillance,
maintaining secure communications, or delivering precision strikes. To safeguard mission‑critical functions,
redundancy, fault‑tolerant design, and rigorous verification are required. An autonomous communications
relay that serves as the sole link between front‑line units and headquarters must incorporate multiple power
sources, self‑diagnostic capabilities, and the ability to hand off traffic to backup nodes automatically.

Ethical Dilemmas arise when autonomous systems must make choices that involve moral judgments, such
as distinguishing combatants from non‑combatants. While AI can be trained to recognize certain visual
cues, the context of a battlefield is often ambiguous. An autonomous weapon system that misidentifies a
civilian vehicle as a hostile threat illustrates the severity of ethical dilemmas. Addressing these dilemmas
involves embedding explicit rules of engagement, incorporating human verification steps, and establishing
clear escalation paths for uncertain situations.

Operational Security (OPSEC) is the process of protecting sensitive information that could be exploited by
adversaries. Autonomous platforms generate extensive logs, telemetry, and mission data, all of which must
be safeguarded. Encryption, access controls, and data sanitization procedures are essential to prevent
leakage. For example, an autonomous reconnaissance drone that streams video to a command center must
ensure that the video feed is encrypted end‑to‑end, and that stored recordings are purged after the mission
concludes, reducing the risk of intelligence compromise.

Mission‑Specific Customization allows autonomous systems to be tailored to the unique requirements of a
particular operation. Customization may involve loading specific threat libraries, adjusting engagement
rules, or configuring sensor suites to match the operational environment. A maritime anti‑submarine
mission might require the autonomous platform to prioritize low‑frequency sonar processing, whereas a
land‑based ISR mission would emphasize high‑resolution optical imaging. The challenge is to provide a
modular architecture that supports rapid reconfiguration without compromising system integrity.

Algorithmic Bias occurs when an AI model produces systematic errors that reflect the biases present in its
training data. In defense, bias can manifest as disproportionate false‑positive rates for certain vehicle types
or misclassification of cultural symbols. Mitigating bias requires diverse training datasets, rigorous validation
across multiple contexts, and ongoing monitoring. An autonomous target‑recognition system that
consistently misidentifies a specific camouflage pattern as a threat could lead to unnecessary engagements,
eroding trust and potentially violating rules of engagement.

Human‑Machine Synergy is the concept that the combined performance of humans and machines exceeds
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the sum of their individual capabilities. Synergy emerges when each partner operates in its domain of
superiority: Humans excel at strategic reasoning and ethical judgment; machines excel at data processing
and rapid execution. A real‑world illustration is a joint air‑defense system where autonomous sensors detect
and track incoming missiles, compute firing solutions, and present options to a human operator who
authorizes the engagement, thereby achieving faster response while preserving moral authority.

Decision‑Support Tools are software applications that assist commanders in evaluating alternatives,
assessing risks, and visualizing outcomes. When integrated with autonomous agents, decision‑support tools
can incorporate AI‑generated predictions, simulation results, and resource availability. For instance, a tool
might display projected mission timelines under different autonomy levels, allowing the commander to
choose a configuration that balances speed with control. Effective decision‑support tools must be intuitive,
provide actionable insights, and avoid overwhelming users with excessive data.

Training and Certification programs ensure that personnel operating autonomous systems possess the
requisite knowledge, skills, and attitudes. Certification may cover technical proficiency with the HMI,
understanding of AI decision logic, and competence in emergency override procedures. Simulated
exercises, live‑fire drills, and scenario‑based assessments are typical components. Ongoing refresher
training is essential because system updates, new threat environments, and evolving doctrinal guidance can
alter operational procedures.

Lifecycle Management encompasses all phases of an autonomous system’s existence, from concept and
development through deployment, sustainment, and eventual retirement. Each phase introduces distinct
requirements: Design must consider modularity and upgrade paths; deployment must address integration
with existing forces; sustainment must include software patching and hardware maintenance; retirement
must ensure secure data disposal. A comprehensive lifecycle management plan mitigates obsolescence,
maintains performance, and aligns with budgetary constraints.

Interdisciplinary Collaboration is necessary because autonomous systems intersect fields such as computer
science, engineering, psychology, law, and ethics. Successful projects bring together AI developers, system
engineers, human‑factors specialists, legal advisors, and operational commanders. Collaborative workshops,
joint requirement‑definition sessions, and cross‑functional review boards foster shared understanding and
reduce the risk of siloed decision making. For example, a design review that includes ethicists can surface
concerns about lethal autonomy early in the development process, enabling proactive mitigation.

Standardization refers to the adoption of common protocols, data formats, and performance metrics across
autonomous platforms. Standards facilitate interoperability, simplify integration, and enable comparative
evaluation. In the defense sector, standards such as NATO’s STANAGs for data exchange or ISO/IEC
specifications for AI risk management provide a common language. Adhering to standards also eases
procurement, as suppliers can demonstrate compliance through accredited testing, reducing the need for
bespoke integration work.

Resilience Metrics are quantitative measures that assess how well an autonomous system can withstand
disruptions. Metrics may include mean time to failure, recovery time objective, and percentage of missions
completed under degraded conditions. Monitoring these metrics in real time allows commanders to make

Read online: https://learnuni.com/guides/5321169/human-machine-
teaming-and-autonomous-systems

LearnUNI · 20 Jun 2026



G U I D E

informed decisions about whether to continue relying on autonomous assets or to revert to manual control.
Establishing baseline resilience metrics during testing provides reference points for future performance
evaluations.

Human‑Centric Design places the needs, capabilities, and limitations of the operator at the forefront of
system development. This approach emphasizes intuitive controls, clear feedback, and workload
management. For autonomous weapons, human‑centric design ensures that the operator retains decisive
authority, that alerts are perceptible without being intrusive, and that the interface supports rapid
situational assessment. Conducting user‑experience studies early in the design cycle helps uncover potential
usability issues that could impair mission effectiveness.

Mission Context Awareness is the ability of an autonomous system to understand the broader operational
environment, including objectives, constraints, and dynamic changes. Context awareness enables the system
to prioritize tasks, allocate resources, and adapt behavior appropriately. For example, an autonomous
logistics drone may recognize that a high‑priority medical supply request supersedes routine ammunition
deliveries, reallocating its cargo accordingly. Embedding context awareness requires integration of mission
planning data, real‑time updates, and rule‑based decision logic.

Ethical Review Boards are institutional bodies tasked with evaluating the moral implications of deploying
autonomous systems. They assess compliance with international humanitarian law, review risk assessments,
and provide recommendations on permissible use cases. Their oversight helps ensure that technology
adoption aligns with national values and legal obligations. In practice, a defense department might require
that any new autonomous weapon system receive board approval before fielding, with the board
documenting its rationale and any conditions imposed.

Explainable Reinforcement Learning combines the adaptability of RL with mechanisms that make the
learned policies understandable to human operators. Techniques such as policy visualization, reward
decomposition, and post‑hoc analysis can reveal why an autonomous UAV chose a particular flight path.
Providing these explanations helps operators trust the system, especially when the policy diverges from
conventional tactics. However, generating explanations in real time adds computational overhead, which
must be managed to preserve responsiveness.

Dynamic Re‑Tasking enables autonomous agents to shift from one mission to another as operational needs
evolve. A swarm of surveillance drones may be redirected mid‑mission to provide communications relay
after a primary relay node is damaged. Dynamic re‑tasking requires flexible command structures, rapid
re‑planning algorithms, and secure communication channels to convey new objectives. The ability to re‑task
on the fly enhances overall force agility and resilience.

Multi‑Domain Operations (MDO) involve coordinated actions across land, sea, air, space, and cyber
domains. Autonomous systems are integral to MDO, providing cross‑domain sensing, rapid data exchange,
and synchronized effect delivery. An MDO scenario might see autonomous surface vessels detecting a
hostile submarine, relaying the detection to an autonomous aerial platform that deploys a precision strike,
while a cyber unit simultaneously disrupts the adversary’s communication network. Integrating autonomous
assets across domains demands common data models, synchronized timing, and unified command
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philosophies.

Human‑Machine Trust Dynamics evolve over time as operators gain experience with autonomous systems.
Trust dynamics are influenced by system reliability, transparency, and the frequency of successful
collaborations. Positive experiences reinforce trust, leading to increased reliance; negative experiences
erode trust, prompting operators to intervene more frequently. Managing these dynamics involves
continuous performance monitoring, adaptive training, and mechanisms for operators to provide feedback
that can be incorporated into system updates.

Operational Doctrine provides the guiding principles for how forces employ autonomous systems in
combat. Doctrine defines roles, responsibilities, and permissible actions for autonomous assets, establishing
a common framework for planners and operators. For example, doctrine may specify that autonomous
strike platforms operate under a “human‑on‑the‑loop” model for kinetic effects, while autonomous logistics
platforms may be authorized for “human‑out‑of‑the‑loop” operation under certain conditions. Updating
doctrine as technology evolves ensures that employment remains coherent and legally compliant.

Feedback Loops in autonomous systems are mechanisms by which the outcome of an action influences
future decisions. Closed‑loop control ensures that deviations from desired performance are corrected
promptly. In a target‑tracking scenario, the system continuously compares predicted target motion with
observed sensor data, adjusting its prediction model to improve accuracy. Effective feedback loops require
low latency, accurate sensing, and robust algorithms capable of handling noisy inputs.

Mission‑Degradation Strategies outline how a system should behave when its capabilities are reduced due
to damage, loss of connectivity, or resource constraints. Rather than failing outright, the system may enter a
degraded mode that prioritizes essential functions. An autonomous surveillance platform that loses
high‑resolution imaging may switch to lower‑resolution panoramic scans, preserving coverage while
conserving bandwidth. Defining clear degradation pathways prevents abrupt loss of capability and provides
operators with predictable system behavior.

Ethical Alignment ensures that the objectives and decision criteria embedded in autonomous systems
reflect the moral standards of the employing organization. Alignment processes involve translating
high‑level ethical principles into concrete algorithmic constraints, such as limiting the probability of civilian
harm below a defined threshold. Continuous verification, testing, and auditing verify that the system
remains aligned throughout its lifecycle, even as software updates or mission parameters change.

Human‑Machine Dialogue is the ongoing exchange of information, intent, and feedback between operators
and autonomous agents. Effective dialogue relies on clear, concise language, consistent terminology, and
mutual understanding of intent. Voice‑based interfaces, visual dashboards, and haptic alerts can all
contribute to a robust dialogue. For example, an autonomous ground robot may verbally report “Obstacle
detected, rerouting,” while the operator acknowledges with a simple “Copy,” establishing a shared mental
model of the situation.

Autonomy Assurance is the systematic process of verifying that an autonomous system behaves as
intended under a wide range of conditions. Assurance activities include formal verification, extensive
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testing, simulation, and field trials. Assurance documentation provides evidence to stakeholders that the
system meets safety, performance, and ethical standards. In defense procurement, autonomy assurance is a
prerequisite for certification and deployment, ensuring that the risks associated with autonomy are
understood and mitigated.

Operational Resilience describes the capacity of a force to continue mission execution despite disruptions,
such as cyber attacks, equipment failures, or environmental hazards. Autonomous systems contribute to
resilience by providing redundant capabilities, rapid reconfiguration, and adaptive decision making. An
autonomous communications node that detects a jammer can automatically shift to an alternative
frequency band, preserving the flow of information. Building operational resilience involves integrating
autonomous assets into a broader resilience architecture that includes human crews, logistics, and
command structures.

Human‑Centric Metrics assess how autonomous systems impact operator workload, situational awareness,
and decision quality. Metrics such as NASA‑TLX (Task Load Index), SA assessment scores, and decision
latency are collected during trials to quantify human impact. Positive metrics indicate that the system
reduces cognitive burden without sacrificing performance. Continuous measurement of these metrics
during live operations informs adjustments to system behavior, interface design, and training programs.

Legal Compliance ensures that autonomous systems adhere to national and international laws, including
treaties governing the use of force, export controls, and data protection regulations. Compliance activities
involve legal reviews, certification processes, and ongoing monitoring. For instance, an autonomous
weapons system must be verified to comply with the Convention on Certain Conventional Weapons, which
may restrict the use of specific munition types. Legal compliance is not a one‑time activity; it requires
periodic reassessment as laws evolve.

Adaptive Planning integrates real‑time data and autonomous decision making into the planning cycle,
allowing plans to be modified on the fly. Adaptive planning tools ingest sensor feeds, threat updates, and
resource availability, generating revised action recommendations that operators can approve. This approach
enables forces to respond swiftly to dynamic battlefield conditions, such as shifting enemy positions or
sudden weather changes. The key challenge is ensuring that the planning algorithms remain transparent
and that operators retain ultimate authority over plan changes.

Human‑Machine Team Performance is measured by combined metrics that capture both individual
contributions and the synergy effect. Performance indicators may include mission success rate, time to
decision, error rate, and resource efficiency. Comparative studies often reveal that teams outperform either
humans or machines alone, especially in complex, uncertain environments. Continuous performance
monitoring helps identify areas for improvement, such as refining AI models, adjusting interface elements,
or enhancing training curricula.

Ethical Risk Assessment evaluates potential moral hazards associated with deploying autonomous systems.
The assessment examines scenarios such as accidental civilian casualties, escalation due to misinterpretation
of autonomous actions, and loss of accountability. Mitigation strategies may include embedding stricter
engagement rules, implementing multi‑layer verification, and establishing clear reporting procedures.
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Conducting ethical risk assessments early in the acquisition process helps shape system design and
operational doctrine.

Cyber‑Physical Integration refers to the seamless connection between computational algorithms and
physical hardware components. In autonomous platforms, this integration enables real‑time sensing,
actuation, and decision making. Designing secure cyber‑physical interfaces involves protecting
communication buses, ensuring firmware integrity, and implementing intrusion detection at the hardware
level. A breach in the cyber‑physical layer could allow an adversary to manipulate actuator commands,
leading to unsafe behavior.
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