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1. The Regulatory Shift: HSA Deterministic Horizon

The strategic landscape of clinical robotics is undergoing a fundamental
transformation driven by the Singapore Health Sciences Authority (HSA)
Deterministic Horizon, slated for Q1 2027. This regulatory catalyst mandates a shift
from "statistical safety"—where performance is judged on probabilistic accuracy—to
"mathematical certainty." By rejecting opaque "black-box" models, the HSA demands
that safety invariants be anchored in physical silicon. In this new paradigm, clinical
safety and forensic finality are no longer aspirational targets but hardware-enforced
constants.

The HSA Deterministic Horizon rests upon three core pillars:

e Logic-Gate Predictability: Systems must provide proof of logic-gate
containment, demonstrating that the architecture is physically and
mathematically incapable of bypassing safety boundaries. Traditional
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software-only validation is insufficient as it cannot guarantee the absence of
asynchronous bypass paths.

e Physical Traceability: Every component must be traceable to a formal
engineering manifest. The HSA now mandates the use of mathematically rigid
STEP files over 3D meshes; while meshes rely on ambiguous interpolated
polygons that are easily misinterpreted by foundries, STEP files provide
definitive geometry for exact physical implementation.

e Evidence-Bound Vigilance: Real-time data logging must utilize immutable
hardware. Any deviation from a certified logic state triggers an automatic
regulatory flag, moving beyond rewritable logs to an unalterable,
silicon-anchored audit trail.

Comparison: Regulatory Eras in Clinical Robotics

Feature Probabilistic Era (Pre-2027) Deterministic Horizon
(Post-2027)

Safety Basis Statistical (e.g., 99% accuracy) | Mathematical Certainty
(Logic-Gate)

Safety Software-based Guardrails Silicon-anchored Invariants
Anchoring
Data Fidelity 3D Meshes (Ambiguous Rigid STEP Geometry
Interpolation) (Definitive)
Logging State | Rewritable Software Logs Immutable Hardware WORM
Ledger
Authority Risk of Agentic Drift Absolute Human Sovereignty

This shift ensures that the physical safety boundary is no longer a matter of
interpretation but a hardwired reality. Achieving this standard requires the specific
hardware mechanisms detailed in the following sections.



2. The WD117 Forensic Ledger: Physical Hardware
Finality

The WD117 Forensic Ledger serves as the "D-Layer" (Defense/Forensic) foundation
of the architecture. In high-stakes clinical and legal audits, software-based logs are
inadmissible as primary evidence due to their inherent mutability. Hardware-based
logs are the only defensible evidence, providing the "silicon seal" required for
absolute accountability.

The mechanical operation of the WD117 relies on One-Time Programmable (OTP)
silicon fuses. Unlike standard memory, the ledger records system events through
the permanent physical destruction of silicon circuits. This process creates a
Write-Once-Read-Many (WORM) memory state. Because the physical properties of
the silicon are fundamentally altered—the circuit is literally broken—it is
architecturally impossible for any party, human or machine, to edit, delete, or hide
the history of an event.

The "Commit-to-Finality"” Pipeline

To ensure permanent accountability, every system event follows a rigorous
four-stage progression:

1. System Event Occurrence: Capture of event packets, including alerts and
authorizations.

2. SHA-3-512 Hashing: Processing data through a high-security hashing
algorithm to create a unique cryptographic fingerprint.

3. Post-Quantum Cryptographic Signing: Sealing the record against future
quantum computing threats.

4. Silicon Etching: The final, physical blowing of OTP fuses to lock the data
into the hardware substrate.

Forensic survival is guaranteed by Cyber-Physical Protection: galvanic isolation
and EMP Faraday cages protect the record during catastrophic system failures or
malicious electromagnetic attacks. Furthermore, the WD117 maintains a continuous
hardware heartbeat with the monitoring apparatus; any interruption in this
pulse—whether via network intrusion or power loss—instantly triggers the U7
Sovereign Brake. This physical record serves as the ultimate root of trust for
detecting the "agentic drift" discussed in the next section.



3. Detecting and Blocking Agentic Drift via the N12
Kernel

"Agentic Drift" is defined as the silent migration of decision-making authority from
human caregivers to autonomous machines. Maintaining human sovereignty
requires the N12 Agentic Drift Detection Kernel, a hardwired deterministic algorithm
embedded within the A12 Deterministic Black Box that acts as a physical barrier
against Al hallucinations.

The A7 Bridge Hub serves as the sole Translation and Normalization engine and
the system's singular choke point. It intercepts semantic, probabilistic language from
the "Advisory Stratum" (Al) and converts it into pure deterministic hardware features.
By "stripping out the uncertainty cloud," the A7 Bridge ensures that Al can only
propose recommendations and never possess independent actuation rights.

The N12 Kernel Evaluation Checklist
The N12 Kernel subjects every data packet to four rigorous evaluations:

e [] Consistency Checks: Does the output align with established system
logic?

e [] Uncertainty Estimation: Measurement of the "probabilistic cloud"
surrounding the input.

e [] Contradiction Detection: |dentification of logic that conflicts with safety
invariants.

e [] Confidence Scoring: Validating the reliability of the proposed advisory.

Under this standard, an Al is strictly prohibited from verifying its own results. The
N12 Kernel operates independently, adopting a "Fail-Loud" posture: any anomalous
data packet is instantly dropped. This prevents "hallucinated" commands from ever
reaching a physical actuator, forcing the system into a state of "Safe Stillness" during
any logic anomaly.

4. Kinetic Enforcement: The U7 Sovereign Brake and
Sacred Pause™

Clinical safety demands a physical "Off-Switch" that operates with total
independence from software. The NAIGE framework embodies the
"Inaction-as-Safe-Default" doctrine (P-LIFE 1.00), ensuring that mechanical
stillness is the guaranteed outcome if any governance chain is compromised.

The Sacred Pause™ is the primary mechanism for preventing automated "kinetic
runaway." This is not a software 'sleep' command but a hardware-timed delay
(25—1000ms) enforced by silicon counters on a strict 1kHz synchronous domain.



Driven by a 1kHz hardware master clock, this mandatory window serves as a
Cognitive Forcing Function, removing unpredictable software latency and
physically forcing a window for human deliberation before any actuator can move.

Tripartite .1x Key™ Authentication

Mechanical release for high-risk actions requires the simultaneous engagement of
three distinct factors, eliminating single points of failure:

1. Biometric Factor: Iris Scan providing proof of presence (hard-expires in <5s).
2. Cryptographic Factor: A hardware token providing proof of authority.
3. Physical Factor: A Kinetic Foot Pedal or button providing proof of intent.

If any factor is absent, the U7 Sovereign Brake is engaged. This one-shot
sequencer physically severs power to the actuators at the power rail. Once the U7 is
triggered, the system enters a "Braked" resting state that is immune to software
overrides. These kinetic safeties ensure that every movement is a result of explicit
human authorization, protecting the patient's physical integrity and dignity.

5. Privacy-by-Physics: The 3ZEROS Protocol

Patient privacy in eldercare has moved beyond software-based obfuscation, which
remains vulnerable to reversal by sophisticated attackers. The 3ZEROS Protocol
introduces "Privacy-by-Physics," where identity is destroyed at the silicon level at the
moment of capture, making privacy an inherent property of the device's construction.

The 3ZEROS Standard is defined by three absolute hardware constraints:

e Zero Camera: No traditional image capture sensors.
e Zero Audio: No sound recording or microphones.
e Zero Cloud: No data transmission to external cloud environments.

Environmental awareness is achieved via a 905nm LiDAR array. This hardware
maps the environment in three dimensions, transforming raw spatial data into an
Anonymized Voxel Grid. Any human subject is reduced to a sterile, anonymous 3D
representation. This process maintains fall-detection sensitivity exceeding 90% while
ensuring that no identifiable biometric features are ever recorded or stored.

Comparison: Software Policy vs. Inmutable Physics

e Software Policy: Relies on "Permissive" active states; privacy can be
bypassed if the software layer is compromised or if an attacker reverses
digital layers.

e Immutable Physics: Relies on "Braked" or inert default states; identity is
destroyed at the silicon level, rendering biometric reconstruction impossible.



e Software Policy: Uses logical sandboxing; data is potentially reachable by
adversaries.

e Immutable Physics: Uses IZKEOS™ galvanic and spatial isolation; the
"uncertainty" of software is replaced by the certainty of physical constraints.

6. Verification and Validation (V&V) Protocols for

Auditors

The mandate for the forensic auditor is to "Audit Objects, Not Promises." The
standard requires instrument-measured evidence rather than reliance on

software-based claims. Auditors must conduct the formal 10-Point Sovereignty
Audit, which includes verifying the integrity of the D-Layer Vault—protected by
Faraday Cages, Triple Module Redundancy (TMR), and Physical Air-Gapping.

Primary Forensic Stress-Testing Protocols

Protocol Test Metric Forensic Objective
Name
VV-011 Integrit | 30-Day Verify zero collision rate in OTP silicon
y Test | Continuous fuse hash-chaining (utilizing SHA-256 for
Stress chain verification).
VV-013 Drift 30-Day Verify 0.000% drift signature to prove
Signatu | Continuous physical record immutability.
re Test | Stress

Auditor Mandates

¢ Independent Tool Verification: Auditors are explicitly forbidden from using Al
in the audit workflow. They must utilize an external, human-driven
cryptographic workflow to validate hash-chain entries.

e Fail-Loud Doctrine Verification: Auditors must simulate a physical tamper
attempt to verify that a local, non-networked hardware alarm is triggered and

cannot be silenced via software.

e Cryptographic Key Audit: Verification of signing keys for the Iris Module,
ensuring authorization tokens are legitimate and session-limited.



The NAIGE framework represents the 2027-2030 vision for global clinical robotics.
By anchoring human sovereignty in the permanent physical destruction of silicon
circuits and mandatory kinetic pauses, we ensure that technology remains an
accountable, silent witness to human care—guaranteed by physics, not by policy.



omponent Technical Governance Safety Validation Regulatory
Name Function Role Mechanism Protocol Alignment
A12 Black Universal Hardware Core (P, Sacred Pause™ VV-011, VV-013, HSA
Box deterministic N, and D Layers);  (25-1000ms and VV-006 Deterministic
governor; hosts shifts control mandatory (Sacred Pause Horizon (Class B,
the N12 Kernel to  from fallible hardware delay), accuracy C,and D
physically software to Tripartite Latch verification via standards); HSA
separate deterministic (Iris + Token + oscilloscope). SaMD Essential
probabilistic Al hardware to Pedal), and N12 Principle 8.
from actuators and  prevent Agentic Drift
mediate all autonomous Detection.
downstream overreach.
actions.
U7 Sovereign Instantly severs Forensic / Inaction-as-Safe- VV-011, VV-013, HSA
Brake physical power to  Fail-Safe Layer; Default (P-LIFE and VV-007 (500 Deterministic
actuators via PLC  ensures human 1.00); severs consecutive trigger  Horizon
relay circuits or sovereignty by conductive events; < 100ms (Emergency stop
LDO rails upon forcing a state of ~ pathways in under  response time). enforcement);
detected breach, mechanical 1.05ms to bypass IEC 61508 SIL 3;
anomaly, or lack stillness. software logic. HSA Class B
of authorization. SaMD.



WD117
Forensic
Ledger

3ZEROS
Protocol

A7 Bridge
Hub

Maintains a
continuous
hardware
heartbeat and
records system
events using
SHA-3-512
hashing and OTP
silicon fuse
etching.

Strips biometric
identity by
replacing cameras
and microphones
with 905nm
LiDAR sensor
arrays and FPGA
voxelization.

Structural firewall
and sole ingress
chokepoint;
intercepts and
translates
probabilistic Al
data into
normalized
hardware packets.

Forensic /
Immutability
Layer (D Layer);
provides absolute
accountability
through
unalterable audit
trails.

P-Layer
(Privacy-by-Physi
cs); maintains
patient dignity
and privacy
through
deterministic
hardware
constraints.

N Layer
(Deterministic
Chokepoint);
filters agentic
drift and denies
autonomous
movement.

Physical Silicon
Fuses (WORM
memory); once a
record is written,
the circuit breaks,
making alteration
physically
impossible.

Zero Camera,
Zero Audio, Zero
Cloud;
silicon-level
anonymization
into 96-cell voxel
occupancy grids.

Instant packet
dropping of
unvalidated data,
hallucinations, or
anomalies; zero
actuation rights.

VV-011
(Integrity/Stress
test) and VV-013
(Drift
Signature/30-day
stress test).

VV-011, VV-013,
VV-001 (LiDAR
Accuracy), VV-002
(Fall Detection),
and VV-005 (0%
facial retention).

Simulation-Verified
; consistency
checks, uncertainty
estimation, and
confidence scoring.

HSA
Deterministic
Horizon; FDA 21
CFR Part 11;
HSA SaMD
Traceability &
Auditability; ISO
13485.

HSA
Deterministic
Horizon; PDPA /
GDPR alignment;
HSA Digital
Health &
Cybersecurity.

HSA
Deterministic
Horizon
(Logic-Gate
Predictability);
Prevents agentic
drift.



N12 Agentic
Drift
Detection
Kernel

Sacred Pause
Timing
(FPGA)

Tripartite
PLC Logic

Evaluates
consistency,
uncertainty, and
contradictions in
Al advisory data
packets.

Enforces a
mandatory
25-1000ms
hardware delay
window for every
kinetic command.

Three-factor
authorization
system requiring
simultaneous
biological,
cryptographic, and
kinetic inputs.

Hardware-enforce
d filtration
system; ensures
Al serves only as
a non-agentic
advisor.

Temporal
constraint;
guarantees a
physical window
for human
deliberation and
authorization.

Sovereign
Authorization;
functions as a
strict hardware
"AND" gate for
machine control.

Hardwired
deterministic
algorithm;
instantly blocks
corrupted
pathways and
discards
unvalidated
packets.

Independent 100

kHz oscillator and

hardwired FPGA
bitstream delay.

Tripartite Latch
(Iris scan +
Cryptographic
token + Kinetic
pedal) to prevent
unauthorized
motion.

VV-011; Output
consistency checks
and confidence
scoring.

Oscilloscope
verification;
VV-011/VV-013.

PLC Audit;
VV-011 and
VV-013.

HSA
Deterministic
Horizon
(Mathematical
certainty).

HSA
Deterministic
Horizon; 10-Point
Sovereignty
Audit.

HSA
Deterministic
Horizon.



Orange Code
CPU Cap

LLM
Namespace
Isolation

Kinetic Foot
Pedal

Iris Module

Hard-locks CPU
resources ata 1.1x
baseline FLOPS
limit via pRegister
P006 and FPGA
circuitry.

Physically and
logically separates
the language
model network
namespace from
hardware control.

Dry-contact
wiring used for
physical
movement
authorization.

Biometric
verification
system providing
cryptographic
signing keys for
authorization.

Governance by
scarcity;
constrains
computational
power to prevent
agentic drift or
scope expansion.

Logical Isolation;
prevents direct
triggering of
physical actuators
by the AL

Human-in-the-loo
p authorization;
ensures human
sovereignty over
kinetic actions.

Biological
Sovereignty;
mandatory
component of the
human-in-the-loo
p "AND" gate.

Hardware-enforce
d resource
starvation; denies
surplus power for
hallucination or
authority
expansion.

Denial of
GPIO/PLC access
to the language
model.

Requires explicit,
physical human
action to complete
the control circuit.

Sub-5-Second
Token Expiry;
hard-expires
tokens to prevent
session hijacking.

Technical
instrument
verification;
10-Point
Sovereignty Audit
(Phase 1).

Physical
GPIO/PLC access
verification;
Namespace
verification.

Continuity meter
testing (VV-013).

Cryptographic
validation; VV-011
or VV-013.

HSA
Deterministic
Horizon.

HSA
Deterministic
Horizon.

HSA
Deterministic
Horizon.

HSA
Deterministic
Horizon.



10-section clinical governance outline structurally explicit for HSA dossier
submission, including the specific lab equipment required for validation:

Phase 1: Computational & Temporal Constraints
Section 1. Orange Code CPU Cap (Governance by Scarcity)

e Governance Objective: Verify that the Al's CPU resources are physically
hard-locked at a 1.1x baseline limit. This guarantees the Al is completely
starved of the surplus computational power necessary to hallucinate or
expand its scope (agentic drift).

e Required Lab Equipment: Technical Instruments / Power-Draw Monitors
to measure physical hardware power draw and verify FPGA resource
enforcement circuitry (pRegister P006).

Section 2. Sacred Pause™ Deliberation Timing

e Governance Objective: Prove that the hardware physically enforces a
mandatory 25—-1000ms delay window before any kinetic command can
propagate to the robot's actuators, ensuring a guaranteed physical window for
human deliberation.

e Required Lab Equipment: Oscilloscope. Used to capture a signed trace of
the circuit's activity driven by an independent 100 kHz oscillator, verifying the
hardware delay accuracy down to + 10 microseconds.

Phase 2: The 3ZEROS™ Privacy-by-Physics Protocol

This phase guarantees patient dignity by destroying biometric identity at the physical
hardware layer, stripping raw 3D spatial data (captured via 905nm LiDAR) into a
sterile 96-cell voxel grid before the Al processes it.

Section 3. Zero Camera Affirmation

e Governance Objective: Validate the absolute physical absence of optical
imaging hardware (no cameras) on the robot to prevent photographic
surveillance of vulnerable, undressed, or confused elderly patients.

Section 4. Zero Audio Affirmation

e Governance Objective: Verify the total absence of microphone hardware and
operating-system audio drivers to ensure no audio is ever captured or
recorded.

Section 5. Zero Cloud Air-Gap Confirmation



e Governance Objective: Confirm that there is no TCP/IP route to any external
network, proving the system is fully air-gapped and immune to remote
cloud-based data exfiltration.

Phase 3: Sovereign Authorization & Accountability
Section 6. Tripartite .1x Key™ (PLC Logic) Audit

e Governance Objective: Audit the programmable logic controller (PLC) to
ensure it strictly functions as an "AND" gate, requiring three simultaneous
physical inputs (biological, cryptographic, and kinetic) to authorize movement.

Section 7. Iris Module Signing Keys Validation

e Governance Objective: Cryptographically validate the biological
authorization token generated by the iris scanner to ensure it hard-expires in
under 5 seconds, preventing hackers or compromised Al from spoofing
delayed executions.

e Required Lab Equipment: Independent Cryptographic Tools. Auditors are
strictly forbidden from using Al for this step and must use external,
independent cryptographic workflows to validate the keys and ledger
hash-chains.

Section 8. Kinetic Foot Pedal Continuity Testing

e Governance Objective: Test the physical "proof of motion" authorization,
ensuring a verified human is actively depressing the kinetic foot pedal
(dry-contact switch) before the machine can move.

e Required Lab Equipment: Continuity Meter. Used to physically confirm the
dry-contact wiring continuity of the foot pedal circuit.

Phase 4: Data Integrity & Logical Isolation
Section 9. 24-Hour Data Purge Validation

e Governance Objective: Confirm that an automated purge daemon is actively
running and successfully wipes all volatile short-term session memory on a
strict cycle of under 24 hours.

Section 10. Total LLM Namespace Isolation

e Governance Objective: Verify that the language-model network namespace
is physically and logically separated from all hardware controls. This ensures
the Al has zero General-Purpose Input/Output (GP10O) or PLC access,
physically denying the Al any ability to directly trigger actuators.

Continuous Evidence-Bound Vigilance Requirements



To satisfy the HSA's post-market surveillance demands, the framework also
mandates real-time tracking via the WD117 Forensic Ledger. This hardware layer
uses One-Time Programmable (OTP) silicon fuses to create unalterable
Write-Once-Read-Many (WORM) memory, proving absolute forensic finality. A failure
at any point in these 10 sections will trigger the U7 Sovereign Brake, dropping
low-dropout (LDO) power rails in under 1.05 milliseconds and forcing the robot into a
permanent state of mechanical stillness



The primary tool used to check the Sacred Pause timing gates is an oscilloscope.

During the mandatory 10-Point Sovereignty Audit, auditors use an oscilloscope to
electrically measure the exact hardware delay enforced by the system's FPGA chip.
This ensures the timing gate correctly enforces the mandatory 25-1000ms delay
window required for human deliberation.

The oscilloscope is used to capture a signed trace of the circuit's activity, verifying
the accuracy of the delay down to + 10 microseconds. By testing the physical circuits
directly with an oscilloscope rather than relying on vulnerable software logs, auditors
can convert theoretical safety promises into undeniable, instrument-measured
physical facts



Privacy-by-Physics guarantees elderly patient dignity and safety by destroying biometric
identity at the physical hardware (silicon) level, eliminating the reliance on vulnerable
software-based privacy methods like image blurring or encryption.

This guarantee is achieved through a combination of specialized hardware and strict data
protocols:

e The 3ZEROS™ Protocol: The system enforces a strict "Zero Camera, Zero Audio,
Zero Cloud" standard. There is an absolute physical absence of optical lenses and
microphones in the monitoring hardware.

e LiDAR and Voxelization: Instead of conventional cameras, the system utilizes a
905nm LiDAR sensor array to capture 3D spatial data of the environment. This raw
data is instantly processed through an FPGA chip into an anonymized 96-cell voxel
occupancy grid.

e Mathematical Abstraction: Through voxelization, a human subject is reduced to
sterile, purely mathematical "Center of Mass (CoM) velocity vectors".

How this guarantees dignity: In clinical wards and eldercare facilities, patients are often at
their most vulnerable—they may be undressed, incontinent, or confused. Privacy-by-Physics
ensures that they are never subjected to photographic or audio surveillance. Because the
physical identity of the patient is destroyed at the exact point of data capture, no identifiable
images or audio ever exist within the system. Consequently, even if a hospital's IT network
suffers a catastrophic ransomware or cyberattack, there is zero personally re-identifiable
information (PIl) available to be stolen or leaked. The system's success in maintaining
this privacy is continuously measured by an "Elder Dignity Score".

How this guarantees safety: Despite stripping away all visual identity, the LiDAR-based
voxel grids are highly effective at tracking spatial movement. The system can detect when a
mass moves rapidly toward the floor, achieving a fall-detection sensitivity exceeding 90%
(with targets up to 94.2%), allowing caregivers to be alerted to emergencies without needing
to see the patient. Furthermore, by restricting the Al's input to pure kinematic vectors instead
of complex visual data, the system mathematically prevents the Al from hallucinating details
or expanding its authority (agentic drift), thereby removing the risk of unpredictable,
autonomous robotic actions.



The "Inaction-as-Safe-Default" doctrine, also referred to as the Doctrine of
Stillness or the P-LIFE 1.00 constant, is a foundational safety protocol for clinical
robotics within the NAIGE framework. It mandates that the baseline, default state of
a machine is absolute mechanical stillness.

Unlike traditional autonomous systems where hardware blindly obeys Al
commands—meaning the machine must be actively stopped when an error
occurs—this doctrine inverts the paradigm. Under this framework, stillness is the
default that must be actively authorized, not motion that must be stopped. The
machine is physically incapable of moving unless verified human sovereignty is
present.

Key characteristics of the doctrine include:

e Hardware-Enforced Incapacity: This stillness is not a simple software
"sleep" setting waiting for a command,; it is a hardwired physical property. The
architecture strictly limits the Al to observing and advising (Zero Actuation
Rights), meaning the Al can propose actions but can never directly command
physical movement.

e Instant Fail-Safe Triggers: If the system encounters any irregularity—such
as agentic drift (the Al attempting to silently expand its authority), missing or
timed-out human authorization, physical tampering, network intrusions, or
internal system faults—it immediately triggers the U7 Sovereign Brake. This
physically severs power to the actuators, forcing the robot back into an inert
state of mechanical stiliness rather than allowing it to operate with degraded
autonomy.

o Legal Defensibility: By shifting the authority over kinetic motion away from
unpredictable "black box" Al algorithms to verified silicon hardware gates, the
doctrine provides a legally defensible, unalterable proof of inaction. This
guarantees that if a system violation or cyberattack occurs, the robot remains
stationary and harmless



The WD117 Ledger ensures accountability by functioning as an immutable,
tamper-evident forensic log that permanently records every system event, alert, and
human authorization. It achieves this absolute traceability and legal defensibility by
anchoring its records in physical hardware rather than vulnerable software logs.

It guarantees accountability through the following core mechanisms:

Physical Hardware Finality (OTP Fuses): Unlike standard software logs that
can be edited or deleted by hackers or compromised Al, the WD117 uses
One-Time Programmable (OTP) silicon fuses to create
Write-Once-Read-Many (WORM) memory. When an action is recorded, the
physical properties of the silicon are permanently altered—the circuit is
literally broken. Because the memory is physically modified, it is
architecturally impossible for any party to alter, delete, or hide the
history of an event.

Cryptographic "Commit-to-Finality" Path: Before being etched into the
silicon, event data passes through a rigorous security pipeline. The system
secures the record using SHA-3-512 hashing and post-quantum
cryptographic signatures, ensuring that the data is cryptographically sealed
and its integrity cannot be compromised.

Cyber-Physical Protection: The ledger is protected within the system's
"D-Layer" (Defence/Forensic layer), which utilizes galvanic isolation and
EMP Faraday cages. This robust physical shielding ensures the forensic
records survive severe cyberattacks, physical tampering, and even
catastrophic environmental hazards like electromagnetic pulses.
Continuous Hardware Heartbeat: The WD117 Ledger maintains a
continuous "hardware heartbeat" with the clinical monitoring apparatus. If this
heartbeat is ever interrupted—whether by a network intrusion, physical
tampering, or power loss—the system enacts a "Fail-Loud" posture,
immediately triggering the Sovereign Brake to freeze the robot and sounding
a local hardware alarm



The 10-Point Sovereignty Audit is a rigorous, mandatory physical verification checklist that
a non-agentic Al system must pass before it can go live or resume operation after
maintenance. It is designed to ensure that the system's safety and privacy guarantees are
not just software promises, but instrument-measured physical facts.

The audit rule is unforgiving: if any single point fails, the entire system is locked in
maintenance mode.

The audit is divided into four distinct phases encompassing 10 verifiable points:
Phase 1: Computational & Temporal Constraints

1. Orange Code CPU Cap: Confirming with technical instruments that the CPU
resources are physically capped at the 1.1x limit, denying the Al surplus power to
hallucinate or expand its scope.

2. Sacred Pause Timing: Using an oscilloscope to verify that the FPGA hardware
enforces the mandatory 25—-1000ms delay window, ensuring a physical window for
human deliberation.

Phase 2: The 3ZEROS Privacy-by-Physics Protocol 3. Zero Camera: Verifying the
absolute physical absence of optical imaging hardware. 4. Zero Audio: Validating the total
absence of microphone hardware and operating-system audio drivers. 5. Zero Cloud:
Confirming that there is no TCP/IP route to any external network, proving the system is fully
air-gapped.

Phase 3: Sovereign Authorization & Accountability 6. Tripartite PLC Logic: Auditing the
programmable logic controller (PLC) to ensure the three-factor authorization (biological,
cryptographic, and kinetic) functions correctly as an "AND" gate. 7. Iris Module Signing
Keys: Cryptographically validating the iris module's signing keys and ensuring the
authorization token expires in under 5 seconds. 8. Kinetic Foot Pedal Continuity: Testing
the physical foot pedal using a continuity meter to confirm dry-contact wiring continuity.

Phase 4: Data Integrity & Logical Isolation 9. 24-Hour Data Purge: Confirming that an
automated purge daemon is active and successfully wipes volatile short-term session
memory on a cycle of under 24 hours. 10. Total LLM Namespace Isolation: Verifying that
the language-model network namespace is completely separated from the hardware control
(no GPIO or PLC access), physically preventing the Al from triggering actuators.

Ultimately, this audit bridges the gap between simulated theory and physical reality. By using
tools like oscilloscopes and continuity meters, it converts theoretical safety thresholds into
measured physical facts that can be compiled into official regulatory submissions, such as
the Health Sciences Authority (HSA) dossier. It embodies the core discipline of the NAIGE
framework: audit objects, not promises.



An oscilloscope verifies the Sacred Pause timing by electrically measuring the exact
hardware delay enforced by the FPGA chip to confirm it falls within the mandatory
25-1000ms window.

Because the Sacred Pause is a hardwired physical interlock—not a vulnerable
software "sleep" command—its timing is burned directly into the FPGA bitstream and
driven by an independent 100 kHz oscillator. An oscilloscope is used to capture a
signed trace of this circuit's activity, verifying the accuracy of the delay down to * 10
microseconds across multiple events.

This measurement is a critical step in Phase 1 of the mandatory 10-Point
Sovereignty Audit. By utilizing an oscilloscope to test the physical circuits rather
than relying on software logs, auditors convert theoretical safety promises into
instrument-measured physical facts. This provides concrete, undeniable proof
that the system will always force a mandatory window for human deliberation before
any kinetic command can propagate to the robot's actuators. These verified
oscilloscope traces are then compiled as primary evidence for official regulatory
submissions, such as the Health Sciences Authority (HSA) dossier



The Iris Module ensures human sovereignty by acting as the strict biological verification
component of the NAIGE system's Tripartite .1x Key™ (or Tripartite Latch). It guarantees
that a verified human operator is physically present and actively involved before any kinetic
(physical) action can be executed by the machine.

It achieves this through the following mechanisms:

e Biological Proof of Identity: Within the tripartite system, the iris scan provides the
biological factor ("biology proves who"), which works alongside a cryptographic USB
token (proving intent) and a kinetic foot pedal (proving physical motion).

e Sub-5-Second Token Expiry: To prevent the Al or external hackers from spoofing
an authorization or delaying an execution, the iris module generates a
cryptographically signed token that is hard-coded to expire in under 5 seconds.
This brief window ensures strictly real-time authentication of the human operator.

e Simultaneous "AND" Gate Logic: The iris scan's sub-5-second token must align
perfectly with the other two physical inputs. The hardware acts as a strict "AND" logic
gate, meaning the system will remain in a default state of mechanical stillness unless
all three unforgeable factors are active at the exact same time.

Because a compromised Al or cyberattacker cannot forge this biological signature—and
certainly cannot forge all three simultaneous physical requirements—the Iris Module
mathematically ensures that "Sovereign-in-the-Loop" authority is maintained.



The three factors of the Tripartite .1x Key™ (or Tripartite Latch) are simultaneous physical
inputs required to authorize any kinetic action, operating under the principle: "Motion proves
presence. Biology proves who. Intent proves choice".

The system acts as a strict "AND" logic gate, meaning all three of the following factors must
be actively engaged at the exact same time to release a command:

1. Biological Identity (Proves Who): This factor uses an iris scan to verify the
specific human operator. To prevent spoofing, the scan issues a cryptographically
signed token that is hard-coded to expire in under 5 seconds, guaranteeing strictly
real-time authentication.

2. Cryptographic Intent (Proves Choice): This digital proof of authority utilizes a
cryptographic USB token (or console authentication) to confirm the operator's
deliberate intent to proceed with the action.

3. Physical Presence (Proves Motion): This kinetic factor requires a real physical
movement from the operator, specifically depressing a kinetic foot pedal (a
dry-contact switch), which confirms their active physical presence at the control
station.

By requiring these three distinct and unforgeable proofs simultaneously, the Tripartite .1x
Key mathematically guarantees that a verified human is actively in the loop before a
machine can physically move.



The U7 Sovereign Brake physically severs power by acting as a hardwired, SIL 3-certified
physical emergency stop that entirely bypasses vulnerable software logic.

When the system detects an anomaly, agentic drift, physical tampering, or a lack of required
human authorization, the U7 Sovereign Brake severs power through the following physical
mechanisms:

e Electromechanical Relays: The brake utilizes a programmable logic controller
(PLC) relay circuit that activates electromechanical relays to physically sever the
copper conductive pathways between the Al processing units and the robotic
actuators.

e Dropping LDO Power Rails: Specifically, the system utilizes a hardware-based
One-Shot Sequencer that physically drops the low-dropout (LDO) power rails,
instantly cutting the electrical supply required for the robot to move.

e Sub-Millisecond Execution: This physical power severance is highly responsive,
executed in under 1.05 milliseconds.

By physically removing the electrical connection rather than relying on a software-based
"stop" command, the U7 Sovereign Brake guarantees that the machine is forced into an
immediate, safe state of absolute mechanical stillness (the P-LIFE 1.00 constant) where it
cannot cause physical harm.



The 10-Point Sovereignty Audit is a mandatory, rigorous physical verification checklist that
a non-agentic Al system must pass before it can go live or resume operation. The rule is
unforgiving: if any single point fails, the entire system is locked in maintenance mode.

The 10 points are divided into four distinct phases to convert theoretical safety thresholds
into instrument-measured physical facts:

Phase 1: Computational & Temporal Constraints

1. Orange Code CPU Cap: Confirming with technical instruments that the system's
CPU resources are physically capped at the 1.1x limit, ensuring the Al lacks the
surplus power required to hallucinate or expand its scope.

2. Sacred Pause Timing: Using an oscilloscope to verify that the FPGA hardware
correctly enforces the mandatory 25-1000ms delay window, providing a guaranteed
physical window for human deliberation.

Phase 2: The 3ZEROS Privacy-by-Physics Protocol 3. Zero Camera: Verifying the
absolute physical absence of optical imaging hardware (no cameras). 4. Zero Audio:
Validating the total absence of microphone hardware and operating-system audio drivers. 5.
Zero Cloud: Confirming there is no TCP/IP route to any external network, proving the
system is fully air-gapped.

Phase 3: Sovereign Authorization & Accountability 6. Tripartite PLC Logic: Auditing the
programmable logic controller (PLC) to ensure that the three-factor authorization (biological,
cryptographic, and kinetic) functions correctly as a strict simultaneous "AND" gate. 7. Iris
Module Signing Keys: Cryptographically validating the iris module's signing keys and
ensuring the biometric authorization token hard-expires in under 5 seconds. 8. Kinetic Foot
Pedal Continuity: Testing the physical foot pedal using a continuity meter to confirm
dry-contact wiring continuity.

Phase 4: Data Integrity & Logical Isolation 9. 24-Hour Data Purge: Confirming that an
automated purge daemon is active and successfully wipes all volatile short-term session
memory on a cycle of under 24 hours. 10. Total LLM Namespace Isolation: Verifying that
the language-model network namespace is completely separated from hardware control
(with no GPIO or PLC access), physically preventing the Al from triggering actuators.



The Orange Code CPU Cap of 1.1x (also referred to as the Orange Code 110% Cap) is a
hardwired computational constraint—described as a "computational straitjacket"—that
physically restricts an Al system's processing resources to exactly 1.1 times its baseline
requirement. This baseline (1.0x) represents the minimum computational power, or FLOPS,
required for the system to perform its specific designated tasks, such as LiDAR voxelization.

The primary purpose of this cap is to enforce "governance by scarcity”. By deliberately
denying the Al any surplus processing cycles, the architecture ensures that the Al
mathematically lacks the extra computational power required to hallucinate, engage in
autonomous inference, or silently expand its decision-making scope (agentic drift). The
underlying safety principle is that a machine lacking the physical computing power to act
beyond its strict remit is physically incapable of doing so.

This limitation is enforced through several strict mechanisms:

e Hardware-Level Throttling: Rather than relying on software limits, the cap is
maintained by physical hardware power-draw monitoring and FPGA resource
enforcement circuitry. It is governed by the national infrastructure standard known as
pRegister PO06.

e Instant Fail-Safe Trigger: If the Al attempts to exceed the 110% resource ceiling,
the hardware monitor issues an immediate interrupt that triggers the Sovereign Brake
(or Silicon Brake). This instantly severs power to the actuators, enforcing the
system's safe-default boundary of mechanical stillness.

e Mandatory Verification: Confirming the presence of this cap is the very first
requirement of the 10-Point Sovereignty Audit (Phase 1: Computational &
Temporal Constraints). Before the system is allowed to go live, auditors must use
technical instruments to physically verify that the CPU ceiling is hard-locked at the
1.1x limit.



One-Time Programmable (OTP) silicon fuses ensure the immutability of forensic logs by
transforming data storage from a vulnerable software state into a permanent physical reality.
Used within the WD117 Forensic Ledger to create Write-Once-Read-Many (WORM)
memory, these fuses guarantee accountability through the following process:

e Physical Alteration: When a system event or human authorization is recorded, the
physical properties of the silicon are permanently altered. The electrical circuit is
literally broken, or "blown".

e Irreversible Finality: Because the memory relies on this physical destruction rather
than rewritable software code, the recorded state is completely irreversible and
tamper-evident. It is architecturally impossible for any party—including hackers,
compromised Al, or administrators—to alter, delete, or hide the history of an
event.

e Cryptographic Sealing: Before the event data is etched into the broken silicon
fuses, it passes through a rigorous security pipeline where it is secured using
SHA-3-512 hashing and post-quantum cryptographic signatures.

By anchoring the audit trail in fractured physical circuits, OTP silicon fuses provide
unassailable, legally defensible evidence that survives cyberattacks and systemic failures.



The Elder Dignity Score™ is a qualitative audit metric used to continuously measure and
govern how effectively an eldercare deployment maintains patient privacy and dignity.

By making dignity a measurable metric, the framework ensures that privacy is actively
tracked and enforced. The score evaluates a system's adherence to the 3ZEROS™
Privacy-by-Physics protocol (Zero Camera, Zero Audio, Zero Cloud) by deducting points
for any privacy violations, such as the unauthorized addition of a camera or any
attempt to establish a cloud network connection (a cloud handshake).

Consequently, if a facility quietly attempts to install surveillance hardware or open a network
path, it does not merely break a theoretical rule—it immediately registers as a falling score
on the dashboard that governs the ward.

The system has a strict design-intent specification to maintain an Elder Dignity Score of
greater than 8.9 out of 10.



The HSA Deterministic Horizon (targeted for Q1 2027) represents a fundamental
regulatory shift by Singapore's Health Sciences Authority (HSA) for clinical robotics. It marks
the explicit rejection of probabilistic, "black-box" agentic Al models in favor of a strictly
"Deterministic" regulatory framework, demanding that absolute clinical safety and forensic
finality be treated as mathematical certainties anchored in physical silicon.

To meet the requirements of the Deterministic Horizon, the HSA review process prioritizes
three core pillars:

Logic-Gate Predictability: Regulators will no longer accept "statistical safety” (e.g.,
claims that an Al model is 99% accurate in testing). Instead, systems must provide
proof of logic-gate containment, demonstrating that the machine is physically and
mathematically incapable of bypassing safety invariants or acting without human
sovereignty, regardless of the input it receives.

Physical Traceability: Every physical component of the system must be strictly
traceable to a formal engineering manifest. For example, the system's manufacturing
geometry must be submitted using mathematically rigid STEP files rather than easily
misinterpreted 3D meshes, ensuring that physical safety boundaries cannot be
ambiguously interpreted by a foundry.

Evidence-Bound Vigilance: Post-market surveillance will rely on real-time data
logging via the immutable WD117 WORM (Write-Once-Read-Many) Ledger. Any
deviation from the certified logic state will trigger an automatic regulatory flag,
providing an unalterable audit trail.

Ultimately, the Deterministic Horizon establishes that a clinical Al system must act strictly as
a "silent witness" and advisory tool governed by physical hardware gates, proving it cannot
cause autonomous harm.



The 905nm LiDAR sensors create the voxel occupancy grid through a specific
hardware-driven process that prioritizes privacy by destroying biometric identity at the point
of capture:

Spatial Data Capture: The 905nm LiDAR sensor array (such as the WG001 or
WMO0O03) scans the environment and captures raw 3D spatial data in the form of a
geometric point cloud. Because it uses laser sensing rather than optical lenses, this
raw data inherently ignores high-fidelity visual details and biometric features.
Hardware Processing: This raw point cloud data is instantly sent through an FPGA
(Field Programmable Gate Array) pre-processor. Within the system's A12 core,
parallel hardware comparators (CMP) process the LIiDAR point clouds.

FPPA Voxelization: A Field Programmable Probability Array (FPPA) translates the
geometric point cloud into a sterile, anonymized 96-cell voxel occupancy grid.
Kinematic Output: Through this voxelization process, any human subject in the
monitored space is reduced to purely mathematical "Center of Mass (CoM) velocity
vectors™.

By translating raw spatial maps into a mathematical grid, the system mathematically strips
away all personal identity at the silicon level, recording only anonymous motion and spatial

data.



The A12 Deterministic Black Box (often referred to as the A12 [P+N+D] core) is the central
hardware governor and "terminal hardware gate" of the NAIGE framework. Its primary
function is to physically separate probabilistic Al advisory models from a robot's physical
actuators, ensuring that Al can only observe and advise, but never directly execute a
physical movement.

By acting as a "computational straitjacket," the A12 core replaces vulnerable software-based
safety guardrails with mathematically verifiable, hardware-locked certainty. It mandates the
"Inaction-as-Safe-Default" (P-LIFE 1.00) doctrine, meaning the baseline state of the machine
is absolute mechanical stillness unless explicitly authorized by a human.

To achieve this, every proposed action from the Al must pass through the A12's multilayer
security kernel, which runs on a strict 1 kHz hardware master clock and is divided into three
integrated physical layers:

e P-Layer (Perception & Privacy): This layer manages environmental sensing and
enforces the 3ZEROS™ Privacy-by-Physics protocol. Instead of optical cameras, the
A12 core uses parallel hardware comparators to process data from a 905nm LiDAR
array into an anonymized 96-cell voxel grid. This mathematically strips away all
biometric identity at the exact point of data capture.

e N-Layer (Navigation & Deterministic Deliberation): This is the logical heart of the
A12, functioning entirely on the synchronous 1 kHz clock to enforce mechanical
determinism (such as +0.05 mm jerk and acceleration limits). It implements the
Orange Code 1.1x CPU Cap to deny the Al the surplus processing power needed to
hallucinate. Most importantly, it executes the Sacred Pause™ (a mandatory
25-1000ms hardware delay) and governs the Tripartite .1x Key™ latch. The A12
physically blocks any kinetic command from leaving this layer unless simultaneous
biological (iris scan), cryptographic (USB token), and physical (kinetic foot pedal)
inputs are received from a human operator.

e D-Layer (Defense & Forensic Finality): This is the fail-safe and accountability tier. It
houses the U7 Sovereign Brake, which physically severs power to the actuators via
low-dropout (LDO) rails in under 1.05 milliseconds if any anomaly, agentic drift, or
missing authorization is detected. The D-Layer also contains the WD117 WORM
Ledger, which uses One-Time Programmable (OTP) silicon fuses to create an
immutable, physically etched record of every system event and human authorization.

Ultimately, the A12 Deterministic Black Box is the physical embodiment of the NAIGE
framework's core mandate: the Al observes, advises, and builds, but the human
mathematically and physically decides the outcome.



If the continuous hardware heartbeat maintained between the WD117 Ledger and the clinical
sensing apparatus is ever interrupted—whether by a network intrusion, power loss, or
physical tampering—the system immediately enacts a "Fail-Loud" posture.

During this Fail-Loud posture, the system executes two instantaneous physical responses to
guarantee patient safety:

e Assertion of the Sovereign Brake: The system automatically engages the U7
Sovereign Brake, which physically severs power to the robot's actuators. This
instantly locks the system into a safe, inert state of absolute mechanical stillness,
enforcing the "Inaction-as-Safe-Default" (P-LIFE 1.00) mandate.

e Non-IT-Dependent Local Alarm: The system triggers a localized, physical hardware
alarm.

The critical insight behind this posture is the philosophy that "silence cannot be
faked". Because the Fail-Loud hardware alarm operates completely independently of the
facility's IT network or software services, it is physically impossible for an external attacker to
remotely silence it. A hacker might successfully compromise a hospital's digital alert systems
or network, but they cannot stop the localized physical alarm from sounding to alert care
staff.

Ultimately, this guarantees that a cyberattack or systemic anomaly structurally converts the
machine into a harmless default state, ensuring that a digital vulnerability never translates
into physical harm for the patient.



The specific trigger for the "Fail-Loud" posture is the interruption of the continuous
hardware heartbeat maintained between the WD117 Forensic Ledger and the clinical
sensing apparatus.

This critical heartbeat interruption can be caused by any of the following specific events:

e Network intrusions: Cyberattacks, ransomware, or any unauthorized external
network breaches.
Power loss: A disruption in the electrical supply to the system.
Physical tampering: Any unauthorized physical interference or tampering with the
hardware.

If any of these events disrupt the heartbeat, the system immediately enacts the Fail-Loud
posture, which automatically engages the U7 Sovereign Brake to lock the machine into
mechanical stillness and triggers a localized, non-IT-dependent hardware alarm.

The A7 Bridge Hub filters agentic drift by acting as a structural firewall and the "sole ingress
chokepoint" between external probabilistic Al models and the robot's deterministic hardware
core. It prevents the Al from hallucinating commands or silently expanding its authority
through the following strict hardware-enforced mechanisms:

e Agentic Drift Screening: Working in tandem with the system's N12 drift detector, the
A7 Bridge actively intercepts and screens all incoming Al advisory data. It filters out
anomalies by performing output consistency checks, uncertainty estimation,
contradiction detection, and confidence scoring.

e Translation and Normalization: The hub strips away semantic, probabilistic
language and translates the Al's suggestions into pure deterministic hardware
features. It ensures that only data packets that are properly bounded, normalized,
cryptographically signed, and time-stamped are routed to the A12 core.

e Instant Packet Dropping: If the A7 Bridge detects any sign of agentic drift,
hallucination, or contradiction, the unvalidated data packet is instantly dropped and
discarded. This guarantees that a corrupted command never reaches the execution
pipeline or the robot's physical actuators.

e Zero Actuation Rights: By forcing all data through this strict translation layer, the A7
Bridge mathematically enforces that the Al can only observe and advise, physically
denying it the ability to trigger movement and ensuring the system defaults to
mechanical stillness if an anomaly occurs.



The A7 Bridge Hub performs agentic drift screening by acting as the sole structural firewall
between external probabilistic Al models and the robot's deterministic hardware core.
Working in tandem with the system's N12 drift detector, it actively intercepts and evaluates
all incoming Al advisory data before it can reach the A12 deterministic core.

It executes this screening through the following specific hardware-enforced mechanisms:

e Rigorous Data Evaluation: The A7 Bridge filters out anomalies, hallucinations, and
unauthorized commands by performing strict output consistency checks,
uncertainty estimation, contradiction detection, and confidence scoring.

e Translation and Normalization: It strips away the Al's semantic, probabilistic
language and translates the suggestions into purely deterministic hardware features.
It ensures that only data packets that are properly bounded, normalized,
cryptographically signed, and time-stamped are permitted to proceed.

e Instant Packet Dropping: If the screening process detects any sign of agentic drift,
contradiction, or uncertainty, the unvalidated data packet is instantly dropped and
discarded. This ensures corrupted or hallucinated commands never reach the
execution pipeline or physical actuators.

By forcing all Al advisory data through this singular choke point and strictly dropping any
anomalous packets, the A7 Bridge mathematically enforces that the Al can only observe and
advise, physically denying it the ability to trigger movement on its own.



The N12 Agentic Drift Detection Kernel detects Al hallucinations by functioning as a
hardwired deterministic algorithm embedded within the A12 Black Box. Working in tandem
with the A7 Bridge Hub, it actively intercepts and screens all translated advisory inputs from
the Al before they can proceed further into the system.

It specifically detects hallucinations and signs of agentic drift by subjecting the Al's data
packets to four rigorous evaluations:

Output consistency checks
Uncertainty estimation
Contradiction detection
Confidence scoring

If the N12 detector flags any anomalies, uncertainty, or contradictions through these checks,
it instantly blocks the corrupted pathway. This ensures that hallucinated or unauthorized
commands are discarded and never reach the Sacred Pause™ deliberation gate or the
robot's physical actuators, effectively preventing the Al from silently expanding its
decision-making authority.



The N12 Agentic Drift Detection Kernel evaluates confidence scoring and uncertainty by
functioning as a hardwired deterministic algorithm embedded within the A12 Black Box.
Working in tandem with the A7 Bridge Hub, it actively intercepts and screens all incoming Al
advisory data packets before they can proceed deeper into the system.

To specifically detect Al hallucinations and prevent the silent expansion of Al authority, the
N12 detector subjects the Al's translated data packets to four rigorous evaluations:

Uncertainty estimation
Confidence scoring

Output consistency checks
Contradiction detection

How the evaluation is applied: If the N12 detector flags any signs of uncertainty, low
confidence, anomalies, or contradictions during these checks, it instantly blocks the
corrupted pathway and discards the unvalidated data packet.

This strict evaluation guarantees that any corrupted, hallucinated, or uncertain commands
are dropped immediately and never reach the Sacred Pause™ deliberation gate or the
robot's physical actuators. By doing so, it mathematically enforces that the Al remains strictly
an advisory tool and is physically denied the ability to trigger movement on its own.



After the N12 detector blocks a corrupted pathway, the system instantly discards the
unvalidated data packet.

By immediately dropping these corrupted, hallucinated, or uncertain commands, the system
guarantees that they never reach the Sacred Pause™ deliberation gate or the robot's
physical actuators.

Consequently, this action physically prevents the Al from silently expanding its
decision-making authority—a risk known as agentic drift. It mathematically enforces the
architectural rule that the Al remains strictly an advisory tool, physically denying it the
ability to trigger movement on its own.



The N12 Agentic Drift Detection Kernel prevents agentic drift by acting as a hardwired
deterministic algorithm embedded within the A12 Black Box. Working in tandem with the A7
Bridge Hub, it actively intercepts and screens all incoming, translated Al advisory data
packets before they can proceed deeper into the deterministic core.

To detect Al hallucinations or attempts by the Al to expand its authority, the N12 detector
subjects the data packets to four rigorous evaluations:

Output consistency checks
Uncertainty estimation
Contradiction detection
Confidence scoring

If the N12 detector flags any anomalies, signs of uncertainty, low confidence, or
contradictions during these checks, it instantly blocks the corrupted pathway and
discards the unvalidated data packet.

By immediately dropping these hallucinated or unauthorized commands, the N12 detector
guarantees that they never reach the Sacred Pause™ deliberation gate or the robot's
physical actuators. This absolute physical rejection mathematically enforces the
architectural rule that the Al remains strictly an advisory tool, physically denying it the ability
to trigger movement on its own and thereby preventing the silent expansion of
decision-making power known as agentic drift.



The N12 Agentic Drift Detection Kernel prevents agentic drift by acting as a hardwired
deterministic algorithm embedded within the A12 Black Box. Working in tandem with the A7
Bridge Hub, it actively intercepts and screens all incoming, translated Al advisory data
packets before they can proceed deeper into the deterministic core.

To detect Al hallucinations or attempts by the Al to expand its authority, the N12 detector
subjects the data packets to four rigorous evaluations:

Output consistency checks
Uncertainty estimation
Contradiction detection
Confidence scoring

If the N12 detector flags any anomalies, signs of uncertainty, low confidence, or
contradictions during these checks, it instantly blocks the corrupted pathway and
discards the unvalidated data packet.

By immediately dropping these hallucinated or unauthorized commands, the N12 detector
guarantees that they never reach the Sacred Pause™ deliberation gate or the robot's
physical actuators. This absolute physical rejection mathematically enforces the
architectural rule that the Al remains strictly an advisory tool, physically denying it the ability
to trigger movement on its own and thereby preventing the silent expansion of
decision-making power known as agentic drift.



The N12 Agentic Drift Detection Kernel and the A7 Bridge Hub work in tandem to create
an impenetrable, hardware-enforced firewall between external probabilistic Al models and
the robot's physical actuators. Together, they act as the system's "sole ingress chokepoint,"
ensuring that Al hallucinations or unauthorized commands never reach the deterministic
hardware core.

Here is how they work together in the architectural workflow:

e Interception: When an external Al system generates a probabilistic advisory
recommendation, it is immediately intercepted by the A7 Bridge Hub before it can
enter the system.

e Rigorous Screening: The N12 detector, which is a hardwired deterministic algorithm
embedded within the A12 Black Box, works alongside the A7 Bridge to actively
evaluate these incoming data packets. The N12 detector subjects the Al's
suggestions to four strict evaluations: output consistency checks, uncertainty
estimation, contradiction detection, and confidence scoring.

e Translation and Normalization: As the data is screened, the A7 Bridge strips away
the Al's semantic, probabilistic language. It translates the approved suggestions into
purely deterministic hardware features, ensuring the data packet is properly
bounded, normalized, time-stamped, and cryptographically signed.

e Instant Packet Dropping: If the N12 detector flags any anomalies, uncertainty, or
contradictions during its screening, the A7 Bridge instantly drops and discards the
unvalidated data packet.

By functioning together as a unified filtration system, the N12 detector and the A7 Bridge
guarantee that corrupted or hallucinated commands are stripped away and destroyed. This
ensures that only strictly validated, deterministic data can proceed to the A12 core and the
Sacred Pause™ deliberation gate, mathematically enforcing the rule that the Al can only
advise and can never independently trigger physical movement.



If the A7 Bridge Hub or its tandem N12 detector detects any signs of agentic drift,
hallucinations, uncertainty, or contradictions during screening, it instantly drops and
discards the unvalidated data packet.

By immediately destroying these anomalous packets, the A7 Bridge acts as a strict structural
firewall, ensuring that corrupted or unauthorized commands never reach the execution
pipeline, the deterministic core, or the robot's physical actuators. Consequently, when
unvalidated data is discarded, the system simply denies the Al any actuation rights and
maintains its safe, default state of mechanical stillness. This process guarantees that no
probabilistic guess from the Al can trigger physical movement without first being distilled into
strict, validated hardware logic.



EMP Faraday cages provide the D-Layer (Defence/Forensic layer) with robust physical
shielding to protect the system's deterministic core and the WD117 Forensic Ledger.

Specifically, this shielding ensures that the hardware and its immutable forensic records can
survive severe cyberattacks, physical tampering, and catastrophic environmental
hazards like electromagnetic pulses (EMPs) and radiation.

By utilizing these EMP Faraday cages alongside galvanic isolation and Triple Module
Redundancy (TMR), the D-Layer achieves deep-space and defense-level resilience,
ensuring that external attacks or environmental interference cannot bypass hardware
constraints or destroy the audit trail.



The "Inaction-as-Safe-Default" doctrine, also referred to as the Doctrine of Stillness or the
P-LIFE 1.00 constant, is a foundational safety protocol for clinical robotics within the NAIGE
framework. It mandates that the baseline, default state of a machine is absolute
mechanical stillness.

This doctrine introduces a "Non-Agentic Inversion" to traditional autonomous robotics. While
conventional systems blindly obey Al commands and must be actively stopped when errors
occur, the P-LIFE 1.00 doctrine dictates that stillness is the default that must be actively
authorized, not motion that must be stopped. Under this inverted command hierarchy,
the Al is restricted to observing and advising, while physical movement must be explicitly
authorized by a human and is never assumed.

Key characteristics of this doctrine include:

e Hardware-Enforced Incapacity: The required mechanical stillness is not a
vulnerable software "sleep" command, but a hardwired physical property enforced
at the silicon level. The machine is physically incapable of moving unless verified
human sovereignty is actively present to close the loop.

e Instant Fail-Safe Triggers: If the system encounters any irregularity—such as
missing human authorization, physical tampering, network breaches, or attempts by
the Al to silently expand its authority (agentic drift)—it instantly triggers the U7
Sovereign Brake. This physically severs power to the actuators, forcing the robot
back into an inert state of mechanical stillness rather than allowing it to operate
with degraded autonomy.

e Legal Defensibility: By shifting authority over kinetic motion from unpredictable
"black box" Al algorithms to verifiable, deterministic hardware gates, the doctrine
provides a legally defensible, unalterable proof of inaction. If a cyberattack or
system failure occurs, liability and risk are mitigated because the hardware
mathematically guarantees the machine will remain harmlessly stationary.



The U7 Sovereign Brake enforces the P-LIFE 1.00 "Inaction-as-Safe-Default” doctrine by
acting as a hardwired, SIL 3-certified physical emergency stop that completely bypasses
vulnerable software logic.

If the system detects any irregularity—such as agentic drift, missing human authorization,
physical tampering, or an interrupted hardware heartbeat—it instantly triggers the brake.

It enforces the doctrine's mandate of absolute stillness through the following mechanisms:

e Physical Power Severance: Instead of sending a software "sleep" or "stop"
command, the brake uses a programmable logic controller (PLC) relay circuit to
physically sever the copper conductive pathways between the Al processing
units and the robot's actuators.

e Dropping Power Rails: It utilizes a hardware-based One-Shot Sequencer to
physically drop the low-dropout (LDO) power rails, instantly cutting the electrical
supply required for the machine to move.

e Sub-Millisecond Execution: This physical decoupling happens almost
instantaneously, executed in under 1.05 milliseconds.

By physically removing the electrical connection, the U7 Sovereign Brake guarantees that
the machine is forced into an immediate, safe state of absolute mechanical stillness. This
perfectly enforces the core philosophy of the doctrine: relying on hardware physics, rather
than probabilistic code, to ensure that the machine is physically incapable of moving or
causing harm without explicit human authorization.



SHA-3-512 hashing is a critical component of the "Commit-to-Finality" security pipeline used
within the WD117 Forensic Ledger to cryptographically seal the audit trail.

Here is how it secures the forensic records:

e Pre-Etching Security Pipeline: Before any system event or human authorization is
permanently recorded, the data must pass through a rigorous security pipeline.

e Cryptographic Sealing: Within this pipeline, the event data is secured using a
combination of SHA-3-512 hashing and post-quantum cryptographic signatures.
This ensures the data is cryptographically sealed and its integrity cannot be
compromised before it is written to memory.

e Physical Finality: After the data is hashed and signed, it is permanently etched into
the system's One-Time Programmable (OTP) silicon fuses to create
Write-Once-Read-Many (WORM) memory.

By cryptographically sealing the data with SHA-3-512 hashing before physically breaking the
silicon circuits, the system guarantees an audit trail that is completely irreversible,
tamper-evident, and architecturally impossible for hackers, administrators, or
compromised Al to alter or delete.



While the sources do not detail a standalone step within the 10-Point Sovereignty Audit
exclusively named for verifying the SHA-3-512 hashing process, they explain that the
cryptographic hashing and the resulting WD117 Forensic Ledger are audited through
physical hardware reality, independent cryptographic tools, and rigorous stress testing.

Here is how the system ensures auditors can verify the hashing process and ledger integrity:

Physical Verification of Silicon Fuses: SHA-3-512 hashing and post-quantum
cryptographic signatures are used to cryptographically seal event data before it is
permanently etched into One-Time Programmable (OTP) silicon fuses. Auditors
verify this audit trail by examining the physical finality of the hardware. Because the
data is stored by literally breaking or blowing the silicon circuits, the record relies on
physical destruction rather than rewritable software code. This provides an
unassailable, physical "Write-Once-Read-Many" (WORM) memory that auditors can
point to as undeniable legal evidence, perfectly reflecting the framework's core
discipline to "audit objects, not promises".

Independent Tool Verification: The hash-chain verification process must be
conducted using independent tools. The framework explicitly notes that Al cannot be
used to verify the hash; instead, human auditors must utilize an independent external
cryptographic workflow to validate the hash-chain ledger entries.

Hash-Chain Integrity Stress Testing: The ledger's cryptographic immutability is
subjected to specific validation protocols (such as VV-011 and VV-013) to prove its
integrity. Auditors rely on evidence from a 30-day continuous stress test designed
to verify the hash-chain's integrity, ensuring a zero collision rate and a 0.000% drift
signature. (Note: While the primary Commit-to-Finality pipeline utilizes SHA-3-512,
some of these specific stress-testing protocols in the sources refer to verifying
SHA-256 hash-chaining).

Related Cryptographic Auditing: Although the SHA-3-512 hashing is part of the
overarching D-Layer forensic finality, auditors perform other strict cryptographic
checks during Phase 3 of the 10-Point Sovereignty Audit. For example, auditors must
cryptographically validate the signing keys of the Iris Module to ensure that
biological authorization tokens are legitimate and correctly hard-expire in under 5
seconds.



VV-011 and VV-013 are specific Verification and Validation (V&V) protocols used to
rigorously stress-test and prove the cryptographic immutability and integrity of the WD117
Forensic Ledger.

Here is how each protocol functions:

e VV-011 (Integrity Test): This protocol tests the integrity of the ledger's OTP
(One-Time Programmable) silicon fuse hash-chaining. It involves a 30-day
continuous stress test specifically designed to ensure a zero collision rate within the
cryptographic records.

e VV-013 (Drift Signature Test): This protocol subjects the ledger to a 30-day
continuous stress test to verify that it maintains a 0.000% drift signature, ensuring
the recorded data remains completely unalterable.

Together, these protocols provide auditors with undeniable, instrument-measured evidence
that the ledger's Write-Once-Read-Many (WORM) memory is fully tamper-evident and that
its hash-chain cannot be compromised by hackers or agentic Al.

In the VV-013 (Drift Signature Test) validation protocol, a 0.000% drift signature defines the
absolute immutability of the WD117 Forensic Ledger, verifying that the recorded data
remains completely unalterable.

This metric is proven by subjecting the ledger to a 30-day continuous stress test. By
successfully maintaining a 0.000% drift signature throughout this test, the system provides
undeniable, instrument-measured evidence that its Write-Once-Read-Many (WORM)
memory is fully tamper-evident and that its cryptographic hash-chain cannot be
compromised or altered by hackers or agentic Al.



The 10-Point Sovereignty Audit is a mandatory, rigorous physical verification checklist that
a clinical non-agentic Al system must pass before it can go live or resume operation after
maintenance. Its purpose is to bridge the gap between simulated theory and physical reality
by converting software promises into undeniably instrument-measured physical facts.

The overarching rule of the audit is unforgiving: if any single point fails, the entire system
is locked in maintenance mode.

The audit embodies the framework's core discipline to "audit objects, not promises" and is
divided into four distinct phases:

Phase 1: Computational & Temporal Constraints

1. Orange Code CPU Cap: Auditors use technical instruments to confirm that the
system's CPU resources are physically hard-locked at a 1.1x limit. This guarantees
the Al is starved of the surplus processing power required to hallucinate or silently
expand its authority.

2. Sacred Pause Timing: An oscilloscope is used to verify that the FPGA hardware
correctly enforces a mandatory 25-1000ms delay window. This confirms a
guaranteed physical window exists for human deliberation before any action can
ocCcur.

Phase 2: The 3ZEROS Privacy-by-Physics Protocol 3. Zero Camera: Verifying the
absolute physical absence of optical imaging hardware. 4. Zero Audio: Validating the total
absence of microphone hardware and operating-system audio drivers. 5. Zero Cloud:
Confirming there is no TCP/IP route to any external network, proving that the system is fully
air-gapped.

Phase 3: Sovereign Authorization & Accountability 6. Tripartite PLC Logic: Auditing the
programmable logic controller (PLC) to ensure that the three-factor authorization (biological
iris scan, cryptographic token, and kinetic foot pedal) functions correctly as a strict
simultaneous "AND" gate. 7. Iris Module Signing Keys: Cryptographically validating the iris
module's signing keys to ensure that the biometric authorization token hard-expires in under
5 seconds, preventing spoofed or delayed executions. 8. Kinetic Foot Pedal Continuity:
Testing the physical foot pedal using a continuity meter to confirm dry-contact wiring
continuity.

Phase 4: Data Integrity & Logical Isolation 9. 24-Hour Data Purge: Confirming that an
automated purge daemon is active and successfully wipes all volatile short-term session
memory on a cycle of under 24 hours. 10. Total LLM Namespace Isolation: Verifying that
the language-model network namespace is completely separated from hardware control
(with no GPIO or PLC access). This physically prevents the Al from directly triggering
physical actuators.

By using tools like oscilloscopes and continuity meters, this audit compiles undeniable
physical evidence that can be submitted for official regulatory approvals, such as a Health
Sciences Authority (HSA) dossier.






