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How to use this guide
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CHAPTER 01

Robotics architecture and ROS 2 foundationr

Build a distributed realtime application whose messages can move physical machinery.

Build a distributed realtime application whose messages can move physical machinery.

+5 1.1 Nodes, topics, services, and actions

Nodes, topics, services, and actions must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Choose communication semantics, message identity, QoS, cancellation, feedback, and lifecycle. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for nodes, topics, services, and actions.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating nodes, topics, services, and actions as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for nodes, topics,
services, and actions.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 1.2 DDS and middleware behavior

DDS and middleware behavior must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Understand discovery, reliability, durability, history, deadlines, liveliness, domains, and network effects. The design
should identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty,
telemetry, failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.

Engineering practices
Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for dds and middleware behavior.
Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.
Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.
Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.
Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

robot_mission:
goal: deliver-container
robot: amr-17
map_version: warehouse-42
safety:
max_speed_near_people_mps: 0.5

independent_stop_monitor: required
planning:
traffic_schedule: open-rmf
execution:
command_freshness_ms: 100
completion:
require: [goal-reached, payload-confirmed, safety-events-clear]

Failure patterns

Treating dds and middleware behavior as mature because a component or laboratory demonstration exists.
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Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.

Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.

Allowing AL autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for dds and
middleware behavior.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

+5 1.3 Lifecycle and composition

Lifecycle and composition must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Use managed nodes, components, executors, callback groups, parameters, launch, and deterministic startup. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for lifecycle and composition.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating lifecycle and composition as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.

Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.
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Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.

Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for lifecycle and
composition.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.

Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.

Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

P 1.4 Frames, time, and interfaces

Frames, time, and interfaces must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Manage coordinate trees, clocks, synchronization, units, calibration, schemas, and versioning. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for frames, time, and interfaces.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating frames, time, and interfaces as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for frames, time,
and interfaces.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.
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Chapter 01 laboratory and review

Practical laboratory
Build a ROS-like graph and inject discovery loss, stale transforms, missed deadlines, and node restart.

Laboratory evidence package
Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.
Versioned configuration or code with explanatory comments and reproducible setup instructions.
Nominal-path validation plus at least two injected failure or boundary conditions.
Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension

Explore deterministic ROS 2 execution and safety-certified middleware profiles.

Review gate

Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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CHAPTER 02

Perception and state estimation

Convert noisy sensors into grounded models of robot and environment state.

Convert noisy sensors into grounded models of robot and environment state.

¢+ 2.1 Sensor architecture

Sensor architecture must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Integrate cameras, lidar, radar, IMU, GNSS, encoders, tactile, force, audio, and health telemetry. The design should identify
physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure
behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for sensor architecture.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating sensor architecture as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for sensor
architecture.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 2.2 Calibration and synchronization

Calibration and synchronization must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Estimate intrinsic and extrinsic parameters, clock offsets, rolling shutter, latency, and drift. The design should identify
physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure
behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for calibration and synchronization.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

robot_mission:
goal: deliver-container
robot: amr-17
map_version: warehouse-42
safety:
max_speed_near_people_mps: 0.5

independent_stop_monitor: required
planning:
traffic_schedule: open-rmf
execution:
command_freshness_ms: 100
completion:
require: [goal-reached, payload-confirmed, safety-events-clear]

Failure patterns

Treating calibration and synchronization as mature because a component or laboratory demonstration exists.
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Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.

Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.

Allowing AL autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for calibration
and synchronization.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

t5 2.3 Detection, tracking, and scene understanding

Detection, tracking, and scene understanding must be engineered as an observable mechanism rather than a frontier label or
speculative promise. Fuse geometry, semantics, objects, occupancy, free space, motion, and uncertainty. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.

Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for detection, tracking, and scene
understanding.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.
Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.
Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating detection, tracking, and scene understanding as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.

Allowing Al autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
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Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for detection,
tracking, and scene understanding.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 2.4 Localization and mapping

Localization and mapping must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Use odometry, filtering, SLAM, maps, loop closure, relocalization, and failure detection. The design should identify physical and
logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure behavior, recovery,
and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for localization and mapping.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating localization and mapping as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for localization
and mapping.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.
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Chapter 02 laboratory and review

Practical laboratory
Create a sensor-fusion pipeline and evaluate localization during sensor dropout and timestamp error.

Laboratory evidence package
Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.
Versioned configuration or code with explanatory comments and reproducible setup instructions.
Nominal-path validation plus at least two injected failure or boundary conditions.
Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension

Explore neural implicit maps, semantic world models, and distributed fleet mapping.

Review gate

Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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CHAPTER 03

Planning, control, and realtime execution

Turn goals into safe feasible motion under uncertainty.

Turn goals into safe feasible motion under uncertainty.

+5 3.1 Task and behavior planning

Task and behavior planning must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Represent goals, preconditions, behavior trees, state machines, policies, and recovery. The design should identify
physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure
behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for task and behavior planning.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating task and behavior planning as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for task and
behavior planning.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 3.2 Motion and trajectory planning

Motion and trajectory planning must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Search configuration space, satisfy kinematics, dynamics, obstacles, timing, and uncertainty. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for motion and trajectory planning.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

robot_mission:
goal: deliver-container
robot: amr-17
map_version: warehouse-42
safety:
max_speed_near_people_mps: 0.5

independent_stop_monitor: required
planning:
traffic_schedule: open-rmf
execution:
command_freshness_ms: 100
completion:
require: [goal-reached, payload-confirmed, safety-events-clear]

Failure patterns

Treating motion and trajectory planning as mature because a component or laboratory demonstration exists.
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Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.

Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.

Allowing AL autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for motion and
trajectory planning.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

t5 3.3 Control systems

Control systems must be engineered as an observable mechanism rather than a frontier label or speculative promise. Use PID,
model predictive, optimal, adaptive, impedance, and learning-based control with stability evidence. The design should identify
physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure
behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for control systems.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating control systems as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.

Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.
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Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.

Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for control
systems.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.

Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.

Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 3.4 Realtime and safety execution

Realtime and safety execution must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Bound deadlines, jitter, priority inversion, command freshness, actuator limits, and emergency stop. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for realtime and safety execution.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating realtime and safety execution as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for realtime and
safety execution.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.
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Chapter 03 laboratory and review

Practical laboratory
Plan and control a simulated robot through dynamic obstacles and inject stale commands and actuator saturation.

Laboratory evidence package
Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.
Versioned configuration or code with explanatory comments and reproducible setup instructions.
Nominal-path validation plus at least two injected failure or boundary conditions.
Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension

Explore differentiable planning and foundation-model-guided control under verified safety shields.

Review gate

Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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CHAPTER 04

Simulation, synthetic data, and digital

L
gya\é'nBOSs that accelerate development without becoming false evidence.

Create models that accelerate development without becoming false evidence.

t5 4.1 Physics and sensor simulation

Physics and sensor simulation must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Model dynamics, contacts, friction, motors, sensors, noise, rendering, and environment behavior. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for physics and sensor simulation.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating physics and sensor simulation as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for physics and
sensor simulation.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 4.2 Scenario and world generation

Scenario and world generation must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Build maps, actors, traffic, faults, weather, rare events, domain randomization, and adversarial cases. The design
should identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty,
telemetry, failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for scenario and world generation.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

robot_mission:
goal: deliver-container
robot: amr-17
map_version: warehouse-42
safety:
max_speed_near_people_mps: 0.5

independent_stop_monitor: required
planning:
traffic_schedule: open-rmf
execution:
command_freshness_ms: 100
completion:
require: [goal-reached, payload-confirmed, safety-events-clear]

Failure patterns

Treating scenario and world generation as mature because a component or laboratory demonstration exists.
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Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.

Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.

Allowing AL autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for scenario and
world generation.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

+) 4.3 Sim-to-real and calibration

Sim-to-real and calibration must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Measure model discrepancy, identify parameters, validate transfer, adapt policies, and preserve uncertainty. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for sim-to-real and calibration.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating sim-to-real and calibration as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.

Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.
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Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for sim-to-real
and calibration.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 4.4 Operational digital twins

Operational digital twins must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Synchronize asset state, configuration, health, missions, maps, and predictive simulations. The design should identify physical
and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure behavior,
recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for operational digital twins.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating operational digital twins as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for operational
digital twins.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.

Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.

Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.
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Chapter 04 laboratory and review

Practical laboratory
Create a simulation validation plan and demonstrate one case where simulator success does not transfer to the real system.

Laboratory evidence package
Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.
Versioned configuration or code with explanatory comments and reproducible setup instructions.
Nominal-path validation plus at least two injected failure or boundary conditions.
Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension

Explore continuously calibrated world models and large-scale synthetic fleet operations.

Review gate

Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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CHAPTER 05

Safety, assurance, and human control

Prevent Al and automation from turning uncertainty into physical harm.

Prevent Al and automation from turning uncertainty into physical harm.

+5 5.1 Hazard and risk analysis

Hazard and risk analysis must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Identify people, property, environment, mission, cybersecurity, foreseeable misuse, and degraded operation. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for hazard and risk analysis.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating hazard and risk analysis as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for hazard and
risk analysis.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.

Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.

Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 5.2 Safety architecture

Safety architecture must be engineered as an observable mechanism rather than a frontier label or speculative promise. Use
independent limits, safe states, monitors, interlocks, geofences, speed and force limits, and emergency stop. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for safety architecture.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

robot_mission:
goal: deliver-container
robot: amr-17
map_version: warehouse-42
safety:
max_speed_near_people_mps: 0.5

independent_stop_monitor: required
planning:
traffic_schedule: open-rmf
execution:
command_freshness_ms: 100
completion:
require: [goal-reached, payload-confirmed, safety-events-clear]

Failure patterns

Treating safety architecture as mature because a component or laboratory demonstration exists.
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Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.

Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.

Allowing AL autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for safety
architecture.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

¢ 5.3 Verification and validation

Verification and validation must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Apply requirements, analysis, simulation, test, fault injection, coverage, traceability, and residual-risk review. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for verification and validation.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating verification and validation as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.

Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.
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Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for verification
and validation.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 5.4 Human oversight and interaction

Human oversight and interaction must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Provide understandable state, approvals, intervention, handoff, teach modes, undo, and incident controls. The design
should identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty,
telemetry, failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for human oversight and interaction.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating human oversight and interaction as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for human
oversight and interaction.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.
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Chapter 05 laboratory and review

Practical laboratory
Design a safety case for an autonomous mobile robot operating near people and shared doors.

Laboratory evidence package
Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.
Versioned configuration or code with explanatory comments and reproducible setup instructions.
Nominal-path validation plus at least two injected failure or boundary conditions.
Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension

Explore runtime assurance and independently verified safety envelopes for learned controllers.

Review gate

Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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CHAPTER 06

Fleet management and Open-RMF

Coordinate many robots and shared infrastructure across vendors.

Coordinate many robots and shared infrastructure across vendors.

t5 6.1 Fleet adapters and capability models

Fleet adapters and capability models must be engineered as an observable mechanism rather than a frontier label or
speculative promise. Normalize robot state, navigation, tasks, battery, charging, modes, errors, and commands. The design
should identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty,
telemetry, failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for fleet adapters and capability models.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating fleet adapters and capability models as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.

Mythos Systems MYTHOS-EMT - Emerging Technology & Sovereign Infrastructure 0035



MYTHOS-FG-FRONTIER-0005 MYTHOS TECHNICAL LIBRARY / LIVING FIELD GUIDE CANDIDATE FOCUSED FIELD GUIDE

Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for fleet adapters
and capability models.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 6.2 Traffic scheduling

Traffic scheduling must be engineered as an observable mechanism rather than a frontier label or speculative promise. Reserve
shared space, negotiate trajectories, resolve conflicts, replan, and avoid deadlock. The design should identify physical and
logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure behavior, recovery,
and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for traffic scheduling.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

robot_mission:
goal: deliver-container
robot: amr-17
map_version: warehouse-42
safety:
max_speed_near_people_mps: 0.5

independent_stop_monitor: required
planning:
traffic_schedule: open-rmf
execution:
command_freshness_ms: 100
completion:
require: [goal-reached, payload-confirmed, safety-events-clear]

Failure patterns

Treating traffic scheduling as mature because a component or laboratory demonstration exists.
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Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.

Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.

Allowing AL autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.

Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for traffic
scheduling.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.

Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.

Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

$5 6.3 Facility integration

Facility integration must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Coordinate doors, lifts, chargers, dispensers, building systems, maps, and human traffic. The design should identify physical and
logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure behavior, recovery,
and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for facility integration.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating facility integration as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.

Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.
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Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.

Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for facility
integration.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.

Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.

Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 6.4 Task allocation and operations

Task allocation and operations must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Schedule missions by capability, location, battery, priority, fairness, maintenance, and SLA. The design should identify
physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure
behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for task allocation and operations.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating task allocation and operations as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for task allocation
and operations.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.
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Chapter 06 laboratory and review

Practical laboratory
Simulate two fleets sharing corridors, elevators, and charging, then inject delay and blocked infrastructure.

Laboratory evidence package
Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.
Versioned configuration or code with explanatory comments and reproducible setup instructions.
Nominal-path validation plus at least two injected failure or boundary conditions.
Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension

Explore city-scale robot traffic management and interoperable autonomous logistics markets.

Review gate

Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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CHAPTER 07

Physical AI and learned autonomy

Integrate foundation models without granting unbounded physical authority.

Integrate foundation models without granting unbounded physical authority.

+5 7.1 Vision-language-action systems

Vision-language-action systems must be engineered as an observable mechanism rather than a frontier label or speculative
promise. Map multimodal observations and instructions to plans, skills, trajectories, and control interfaces. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for vision-language-action systems.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating vision-language-action systems as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for
vision-language-action systems.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 7.2 Imitation and reinforcement learning

Imitation and reinforcement learning must be engineered as an observable mechanism rather than a frontier label or
speculative promise. Use demonstrations, rewards, offline data, simulation, policy learning, and constrained exploration. The
design should identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty,
telemetry, failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.

Engineering practices
Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for imitation and reinforcement learning.
Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.
Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.
Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.
Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

robot_mission:
goal: deliver-container
robot: amr-17
map_version: warehouse-42
safety:
max_speed_near_people_mps: 0.5

independent_stop_monitor: required
planning:
traffic_schedule: open-rmf
execution:
command_freshness_ms: 100
completion:
require: [goal-reached, payload-confirmed, safety-events-clear]

Failure patterns

Treating imitation and reinforcement learning as mature because a component or laboratory demonstration exists.
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Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.

Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.

Allowing AL autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for imitation and
reinforcement learning.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

¢ 7.3 Skill libraries and tool use

Skill libraries and tool use must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Compose grasping, navigation, manipulation, perception, recovery, and human collaboration skills. The design should identify
physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure
behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for skill libraries and tool use.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating skill libraries and tool use as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.

Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Mythos Systems MYTHOS-EMT - Emerging Technology & Sovereign Infrastructure 0043



MYTHOS-FG-FRONTIER-0005 MYTHOS TECHNICAL LIBRARY / LIVING FIELD GUIDE CANDIDATE FOCUSED FIELD GUIDE

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for skill libraries
and tool use.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

& 7.4 Memory and world models

Memory and world models must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Maintain episodic, semantic, spatial, procedural, and mission state with freshness and uncertainty. The design should identify
physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure
behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for memory and world models.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating memory and world models as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for memory and
world models.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.
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Chapter 07 laboratory and review

Practical laboratory
Evaluate a learned skill under distribution shift and require fallback to a classical or human-controlled mode.

Laboratory evidence package
Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.
Versioned configuration or code with explanatory comments and reproducible setup instructions.
Nominal-path validation plus at least two injected failure or boundary conditions.
Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension

Explore general-purpose robotic foundation models governed by typed skills and runtime safety kernels.

Review gate

Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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CHAPTER 08

Fleet reliability, cybersecurity, and

!)ligegysgl gtonomy through years of change and failure.

Operate physical autonomy through years of change and failure.

t5 8.1 Observability and evidence

Observability and evidence must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Trace mission, robot, model, sensor, plan, command, action, safety event, operator, and outcome. The design should identify
physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure
behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for observability and evidence.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating observability and evidence as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for observability
and evidence.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 8.2 Cybersecurity

Cybersecurity must be engineered as an observable mechanism rather than a frontier label or speculative promise. Protect
identities, networks, updates, tools, remote access, sensors, maps, credentials, and fleet control. The design should identify
physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure
behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for cybersecurity.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

robot_mission:
goal: deliver-container
robot: amr-17
map_version: warehouse-42
safety:
max_speed_near_people_mps: 0.5

independent_stop_monitor: required
planning:
traffic_schedule: open-rmf
execution:
command_freshness_ms: 100
completion:
require: [goal-reached, payload-confirmed, safety-events-clear]

Failure patterns

Treating cybersecurity as mature because a component or laboratory demonstration exists.
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Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.

Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.

Allowing AL autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.

Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for cybersecurity.
Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

+5 8.3 Maintenance and recovery

Maintenance and recovery must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Manage calibration, wear, batteries, spares, updates, rollback, incident response, and degraded service. The design should
identify physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry,
failure behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for maintenance and recovery.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating maintenance and recovery as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.

Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.
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Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.

Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for maintenance
and recovery.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.
Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.
Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.

@ 8.4 Adoption and governance

Adoption and governance must be engineered as an observable mechanism rather than a frontier label or speculative promise.
Measure safety, productivity, reliability, human workload, cost, accessibility, and community impact. The design should identify
physical and logical assumptions, authoritative state, interfaces, identities, resource limits, uncertainty, telemetry, failure
behavior, recovery, and acceptance evidence.

This guide traces the subject through the mission, perception, state estimate, plan, trajectory, control, actuator, environment
response, safety evidence, and human outcome chain. A laboratory demonstration, simulation result, standards reference, valid
packet, successful kernel, or fluent Al interaction is not sufficient proof. Intended behavior must be reconciled with measured
state, negative tests, degraded conditions, lifecycle constraints, complete-system cost, and user or mission outcomes.

Implementation begins with a small known-good baseline and explicit invariants. Introduce one device, algorithm, optical
engine, robot skill, transfer path, component interface, GPU kernel, approval mode, or network feature at a time; preserve
before-state evidence; test prohibited and failed behavior; and retain a reversible fallback.

Troubleshooting locates the first divergence from the expected state machine or physical model. Account for calibration, loss,
noise, timing, version skew, hidden dependencies, resource exhaustion, stale state, synchronization, permissions, model
uncertainty, supply-chain changes, and missing evidence. Closure requires causal explanation, reproducibility, validated
recovery, and disclosed limitations.
Engineering practices

Define the objective, authority, physical assumptions, interfaces, resources, risks, and acceptance evidence for adoption and governance.

Separate stable standards and deployable practice from drafts, experiments, prototypes, and research hypotheses.

Version hardware, firmware, software, models, schemas, calibration, data, policy, and evaluation artifacts.

Test nominal, prohibited, noisy, degraded, overloaded, disconnected, failed, recovery, and rollback conditions.

Preserve source, configuration, measurement, trace, artifact, approval, experiment, and user-outcome evidence.

Adopt through staged pilots, independent baselines, explicit exit criteria, and reversible architecture.

Failure patterns
Treating adoption and governance as mature because a component or laboratory demonstration exists.
Comparing a specialized accelerator or protocol against a weak or incomplete classical baseline.
Ignoring physical loss, calibration, timing, packaging, power, thermal, network, and operational constraints.
Allowing Al, autonomy, local compute, or disconnected operation to bypass identity, policy, safety, and evidence controls.
Using average performance while hiding tails, failed trials, environmental sensitivity, or complete-system overhead.

Declaring adoption success without interoperability, maintenance, recovery, workforce, supplier, and exit evidence.
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Validation and evidence

Examine Architecture, standards maturity, physical assumptions, identity, interfaces, versions, resources, and risks for adoption and
governance.

Observe Signals, states, measurements, packets, events, traces, resource use, errors, artifacts, approvals, and user-visible outcomes.

Test Expected, prohibited, noisy, adversarial, overloaded, disconnected, partially failed, recovery, and rollback cases.

Measure Correctness, fidelity, accuracy, latency, throughput, energy, availability, safety, cost, scalability, and operator effort.

Reconcile Claimed capability against measured physical, software, network, security, operational, and user evidence.
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Chapter 08 laboratory and review

Practical laboratory
Run a fleet incident exercise involving compromised update, localization drift, and blocked evacuation route.

Laboratory evidence package
Architecture or topology showing boundaries, identities, dependencies, and authoritative inputs.
Versioned configuration or code with explanatory comments and reproducible setup instructions.
Nominal-path validation plus at least two injected failure or boundary conditions.
Structured logs, traces, metrics, packet captures, test output, or other appropriate evidence.

A concise decision record covering findings, limitations, residual risks, and next actions.

Frontier extension

Explore sovereign autonomous fleets with local operation, federated learning, and verifiable action records.

Review gate

Advance only when another engineer can reproduce the result, explain the architecture, identify the failure boundary, and
distinguish measured evidence from assumptions or projections.
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Integrated learning roadmap

The guide is intended to be revisited. First establish fluency, then build a small implementation, operate it under failure,
automate repeatable work, and finally evaluate emerging techniques against a stable baseline. Progress is demonstrated
through evidence rather than reading completion alone.

_ Demonstrated ca pability

Foundation Explain the system from first principles and trace its critical path without relying on product terminology.
Build Implement the smallest representative system with explicit contracts, identities, telemetry, and tests.
Operate Diagnose injected failures, recover safely, and preserve evidence of the causal chain.

Automate Convert a proven manual workflow into bounded, idempotent, observable automation.

Architect Design for scale, resilience, security, interoperability, and lifecycle change.

Explore Evaluate frontier techniques using stated hypotheses, limitations, and adoption gates.
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Source authority register

Source policy

Official standards, specifications, and project documentation remain with their issuing organizations. Mythos Systems provides original
engineering interpretation, synthesis, implementation guidance, and relationship mapping. Source verification dates do not guarantee
that an authority has not changed since review.

01. Open Robotics - ROS 2 Lyrical Luth Documentation

Role: Current ROS 2 LTS architecture, middleware, nodes, lifecycle, tooling, and deployment documentation.
Verified: 2026-07-26

Official source: https://docs.ros.org/en/lyrical/index.html

02. Open Robotics - ROS 2 Lyrical Luth Release

Role: Current ROS 2 LTS release and support lifecycle.

Verified: 2026-07-26

Official source: https://docs.ros.org/en/lyrical/Releases/Release-Lyrical-Luth.html

03. Open-RMF - Open Robotics Middleware Framework

Role: Multi-fleet interoperability, shared infrastructure, traffic scheduling, and facility integration.
Verified: 2026-07-26

Official source: https://www.open-rmf.org/

04. Open-RMF - Open-RMF Documentation

Role: Task queueing, conflict-free resource scheduling, and fleet-adapter guidance.
Verified: 2026-07-26

Official source: https://openrmf.readthedocs.io/en/latest/

05. Gazebo - Gazebo Documentation
Role: Robotics simulation, physics, sensors, rendering, systems, and development.

Verified: 2026-07-26
Official source: https://gazebosim.org/docs/latest/

Authority application and refresh triggers

Authority class Required library action

Protocols and specifications Recheck interoperability, security considerations, defaults, and migration guidance when a referenced specification
changes.

Security and assurance Update control mappings, evidence expectations, risk language, and assessment procedures after material framework

frameworks revision.

Languages, runtimes, and Re-run examples, tests, deprecation checks, and operational recommendations against supported releases.

projects

Benchmarks and evaluations Re-execute claims when workloads, methods, models, compilers, drivers, hardware, or scoring rules change.

Operational evidence Incorporate validated incidents, failure tests, reader corrections, and measured implementation outcomes into the next
revision.
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Limitations, freshness, and revision control

_

Publication limitation This guide synthesizes broad engineering practice. It does not replace product documentation, legal advice, safety
certification, or environment-specific design review.

Evidence limitation Not every pattern is benchmarked in every environment. Examples illustrate engineering methods and must be validated
against actual versions, workloads, hardware, policy, and failure conditions.

Freshness limitation Vendor behavior, software libraries, Al models, security threats, and emerging standards can change quickly. Volatile claims
require source revalidation before operational adoption.

Adoption limitation Frontier content is not an implicit adoption recommendation. Adoption requires defined value, qualification gates,
controlled proof, rollback, ownership, and residual-risk acceptance.

Status boundary Candidate Focused Field Guide describes the publication, not certification of a product, implementation, engineer, or
organization.

Revision record

1.0.0-candidate Initial candidate living-guide edition. Published 2026-07-26; scheduled review 2026-10-26.

Search and relationship metadata

Primary domain MYTHOS-EMT - Emerging Technology & Sovereign Infrastructure

Secondary domain MYTHOS-AIL; MYTHOS-SWE; MYTHOS-UX

Publication class Field Guide / Canonical Living Overview Guide

Skill levels L1 Foundational; L2 Practitioner; L3 Advanced; L4 Frontier

Tags robotics, physical A, ROS 2, Open-RMF, simulation, autonomous fleets, SLAM, planning, robot safety, digital twin
Canonical route /library/field-guides/mythos-fg-frontier-0005/

Living publication

Corrections, expanded laboratories, improved diagrams, authority changes, and new engineering evidence should revise this
permanent publication rather than create disconnected replacements.
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