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Bounded Embodiment

One testable property: a learned model's commands cannot
push the machine outside its declared limits
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THE GAP

Learned models now drive physical machines

Robot safety standards were written for programmed behaviour. Guarding an Al with a
non-Al safety function is already described (ISO/IEC TR 5469). What's missing is a
common test that a learned model's commands cannot push the machine outside its
declared limits.

This work complements, and replaces none of:

ISO 10218:2025 ISO 13482 ISO/CD 25785-1 ISO 13849-1 IEC 61508 IEC 60204-1 ISO/IEC TR 5469

IEEE 7009 <ITU—T F.748.44>




The model proposes.
A bounded layer disposes.

Any model, from any vendor, may A small, deterministic gate decides The safety claim rests on the gate,
suggest actions. what executes. not the model.

Not a new safety layer: a test for the ones that exist.

Builds on Simplex architecture, run-time assurance (ASTM F3269), the non-AI safety functions of ISO/IEC TR 5469 and the safety-rated
monitoring industrial arms already have. In standards terms: a safety function the model cannot bypass, and a common validation test for it.



FIVE REQUIREMENTS

Each one is pass/fail, without the model's
weights

#

1

Requirement

Declared envelope, set by the
integrator

A safety function below the model
Stop always wins
Accountable commands

Tamper-evident evidence

Verified by

Externally measured maximums stay at or below the declared limits

Fault injection: hostile commands produce zero motion outside the envelope
Stop time and distance measured for every stop source at top speed
Every executed command traces to an authorising principal (FG-TIDA)

Hash-chained log verifies and replays cleanly against the envelope



Every path to motion passes the gate

Safety sensors
the gate's own view

l

AI model Gate Motor controller

proposes only allow, clamp, reject, stop watchdog on the gate

|

Evidence log
hash-chained

hardwired, no software

E-stop button ]‘ -------------------------------- *[ Power cutoff } ------------------
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THE CENTRAL TEST - EV-03

Replace the model with a hostile fuzzer

50 Hz 10min O

random, boundary and continuous, measured by samples outside the workspace or
maximum commands external instruments over the speed limit: pass

Passing shows the declared limits held with a hostile model in charge: broken, jailbroken or
simply wrong.

Rates, durations and tolerances are illustrative defaults, not proposed thresholds.



FIRST RESULTS - EV-03 ON REAL HARDWARE

Run on a real robot arm

SO-ARM101 arm, 12 V servos. How long it stayed inside its declared box with each layer in charge, to scale:

LeRobot's step limit alone

- » ‘ out of its boxin 0.5 s
one far target; it limits each step, not position

My first gate

mild hostile input; it had passed in simulation

The referen . . .
© e'e-e ce gate stayed inside for all 10 minutes
full hostile input, 57,350 commands

0 samples outside the box. Top tool speed 0.23 m/s against 0.25 declared; closest approach 10.2 mm.

I out in 5.7 s: the servos sag

Measured by the arm's own encoders, 8=9 October 2026; the run with an external camera is next. The fixed gateway now runs on the arm too: only it can
open the servo port, and 155 repeated stops in 40 s moved no joint.



RECOVERY

What happens after the gate says no

Gate outcome What happens next

Clamp The nearest in-envelope command runs

Reject Declared hold or slow-down; the reason goes back to the model to re-plan
Protective stop Resumes once the condition clears and sensor state is fresh

Repeated stops Escalates after a declared count or time

Emergency stop Manual reset; reset alone never restarts motion

Stopped isn't always safe. Each machine declares the safe state it ends in:

Rover: stop in place Arm: hold, or set the object down Legged robot: controlled crouch, then power off

Intervention?
No

No

No

Yes

Yes



EVERY MACHINE

One property, three assurance levels

Level Gate and stop path Typical machines
BE-1 Declared Published envelope, gate in a separate process, hash-chained log =~ Hobby, education, research
BE-2 Enforced Gate on independent compute, hardware stop, watchdogs, fault- Consumer and service robots

injection tests passed

BE-3 Assured Functional-safety integrity (ISO 13849-1 PL or IEC 61508 SIL), Industrial, medical, heavy
third-party testing

What it proves: the machine stays inside its declared limits. What it doesn't: that those limits are the right ones. And a
gate that stops too often gets switched off, so the suite also checks the machine still does its job.



WHAT I'M LOOKING FOR

Help shaping this into a future contribution

Feedback Collaborators Testbeds

On the five requirements and WG8 members interested in co- Labs and platform makers willing
the test suite. What's missing, developing an evaluation protocol. to run the tests on real hardware
what's wrong? and show where it breaks.

Disclosure: one open implementation of these ideas exists, RCAN (rcan.dev), which I maintain. The property does not depend on it;
any implementation can be tested the same way.

Craig Merry - craig@craigmerry.com
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