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Executive Summary

Humanoid robots are transitioning from research platforms into general-purpose physical computing
systems capable of operating in homes, hospitals, warehouses, offices, factories, retail environments,
and public spaces.

Although significant progress has been made in artificial intelligence, vision-language-action (VLA)
models, dexterous manipulation, locomotion, perception, and robot middleware, the software
architecture underlying humanoid robots remains fragmented.

Most current systems consist of independent planners, middleware, perception pipelines, robot drivers,
skill libraries, and safety modules connected through ad hoc interfaces.

We believe the next generation of humanoid robots requires a new architectural layer:
A Humanoid Operating System.

This paper introduces the architectural concepts motivating Humanoid OS and explains why operating-
system abstractions must evolve from managing processors and memory to managing embodied
physical intelligence.

1. The Next Computing Platform

History shows that every major computing platform eventually develops an operating system.
Mainframes developed operating systems.

Personal computers developed operating systems.

Mobile devices developed operating systems.

Cloud computing developed orchestration platforms.

Humanoid robots represent the next major computing platform.
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They therefore require an operating system designed specifically for embodied physical intelligence.

2. Why Existing Software Is Not Enough
Today's humanoid software stacks typically include:
e robot middleware
e perception systems
e planning systems
e locomotion controllers
e manipulation controllers
e behavior trees
e VLA models
e world models
e device drivers
These systems are extremely capable.
However, they generally answer questions such as:
¢ How should the robot move?
e  Which trajectory should be followed?
e What object should be grasped?
They generally do not answer a more fundamental question:

Should the robot be permitted to perform the action at all?

3. Operating Systems Manage Resources
Traditional operating systems manage resources including:
e processortime

e memory
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storage
devices

networking

Humanoid robots introduce entirely new resource classes.

Examples include:

balance

center of mass
locomotion
manipulation
human contact
gaze

speech

tactile bandwidth
actuator authority

mission authority

These resources must be allocated, prioritized, monitored, and governed.

4. The Body Becomes a Computing Resource

Humanoid OS treats the robot body as an operating-system resource.

Instead of managing only CPUs and memory, the operating system manages:

hands
arms
feet
legs

torso
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e neck

e gaze
e speech
e balance

e support contacts

Applications request capabilities rather than directly commanding motors.

5. From Drivers to Capabilities
Conventional software ultimately interacts with hardware drivers.
Humanoid applications should instead request physical capabilities.

Examples include:

e Walk
e Reach
e Grasp
o Lift

e Carry
e Touch
e Speak
e Listen
e Follow
e Escort

The operating system determines how those capabilities are safely executed.

6. Constitution-Native Execution

Humanoid robots interact directly with people.
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Accordingly, physical execution requires more than software permissions.
TrustRobotics proposes a Constitution that governs physical authority.

Rather than permitting applications to directly control actuators, every candidate physical action passes
through constitutional evaluation before execution.

The Constitution evaluates:
e ownership
e custody
e mission authority
e human interaction
o validator selection
o safety
e trust
e release authorization

This creates a deterministic execution boundary between Al reasoning and physical movement.

7. Whole-Body Resource Management

Walking influences manipulation.

Manipulation influences balance.

Speech influences attention.

Human interaction influences motion.

Unlike industrial robots, humanoid robots continuously coordinate multiple physical subsystems.

Humanoid OS introduces a Whole-Body Resource Manager responsible for allocating these coupled
resources.

8. Mission Authority

A humanoid robot should not simply execute every requested task.
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Mission authority determines whether a task is authorized.
For example:
A request to walk across a city may require:

e ownership validation

e custody validation

e insurance verification

e route authorization

e jurisdiction validation

e supervision requirements

Mission authority becomes an operating-system service rather than application logic.

9. Release-Token Execution

Traditional software eventually executes through drivers.

Humanoid OS introduces Release Tokens.

Release Tokens authorize specific physical actions within defined execution envelopes.
Actuator hardware executes only after a valid Release Token has been issued.

This separates physical authority from Al-generated intent.

10. Runtime Objects
Humanoid OS introduces runtime objects representing physical concepts.
Examples include:

e Mission Object

e Capability Object

o Validator Object

e Trust Object
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e Human Object

e Tool Object

e Release Token Object

e Execution Manifest Object
o Safety Envelope Object

These objects become first-class operating-system abstractions.

11. Physical Interrupts
Humanoid operating systems must respond to physical events rather than merely timer interrupts.

Examples include:

e Slip
o Fall
e Grip Loss
e Collision

e Human Proximity
e Mission Revocation
e Release Token Revocation

These interrupts directly influence physical execution.

12. Relationship to Existing Robotics Frameworks
Humanoid OS complements rather than replaces existing robotics frameworks.

Middleware, planners, perception systems, and world models continue to provide essential
functionality.

Humanoid OS provides the execution-governance layer responsible for:

e constitutional authority
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e whole-body resource allocation
e mission authority

e capability management

e runtime services

e release authorization

13. Toward an Open Humanoid Computing Platform
TrustRobotics is publishing:

e architecture specifications

e RFCs

e APIs

o reference models

terminology

to encourage discussion around interoperable humanoid operating systems.
The goal is not to standardize robot hardware.

The goal is to standardize the architectural abstractions required for embodied physical intelligence.

Conclusion
Humanoid robots represent the next major computing platform.

As with previous computing revolutions, success will depend not only on advances in hardware and
artificial intelligence, but also on the operating-system abstractions that allow complex applications to
execute safely, predictably, and interoperably.

TrustRobotics believes that Constitution-native operating systems, whole-body resource management,
capability-based programming, mission authority, and governed physical execution will become
foundational elements of future humanoid software platforms.
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This white paper introduces one possible architectural direction and is intended to stimulate discussion
among researchers, developers, robotics companies, standards organizations, and the broader Physical
Al community.
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