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How to Detect Operator Handoff or Fatigue
During a Task

If you build systems a human stays in the loop of a car, a surgical
robot, an industrial machine, an operator console you eventually
need to know whether the person in control right now is still the
person who started, and whether they are still fit to continue. This
guide describes an architectural approach to that problem:
continuity-based biological identity, which resolves who is present
from a running chain of behavioral and physiological signals rather
than from a stored biometric template. It is an architecture disclosed
in United States Patent Application 19/647,395, not a shipping
library. The home inventive step is the Biological Identity inventive

step.

What You Are Building

You are building a subsystem that answers two questions continuously while a task is

underway:

1. Is the human currently in control the same human who was authorized at the start of

this session?

2. Is that human's current state consistent with their own recent norm, or have they

drifted into fatigue, stress, or impairment?
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These come up together in embodied and safety-adjacent systems: autonomous vehicles
with a fallback driver, teleoperated and surgical robotics, heavy industrial machinery,
and high-consequence operator consoles. In all of them a silent operator swap or a
gradual slide into fatigue is a hazard, and you cannot re-run a login prompt every thirty

seconds without destroying the workflow.

The approach described here treats identity as continuity over time, not as a one-shot
credential check. That single reframing is what lets the same signal stream tell you both
"the operator changed" and "this operator is fading," and it is disclosed in United States
Patent Application 19/647,395 as the Biological Identity inventive step. This guide

teaches the architecture. You implement it.

Why the Obvious Approaches Fall Short

The default instinct is to reach for a biometric template. Enroll the operator's
fingerprint, face, or voiceprint, store a reference, and re-match periodically. This works
at a login gate and is a mature, well-understood technology. The structural problem is
not that template matching is bad; it is that it answers the wrong question for a running

session.

A stored template gives you a binary comparison against a fixed artifact captured at one
past moment. That has three consequences for the handoff problem, all of which the
disclosure calls out directly. First, biological signals are not time invariant: voice shifts
with fatigue and illness, gait and physiology drift across a shift, so a template forces you
to either loosen the match (and miss real substitutions) or re-enroll (and open an
unverifiable gap in the chain). Second, a stored template is a fixed target that can be
replayed; the matcher has no notion of "this sample must come after the last one."
Third, a match/non-match verdict throws away exactly the information you need mid-
task the trajectory. A binary result cannot express "this is consistent with the operator's
last ten minutes but diverging from their long-term baseline," which is precisely the

signal that distinguishes gradual fatigue from an abrupt swap.



Continuous-authentication and behavioral-biometric products improve on the login
gate by scoring ongoing behavior, but as the disclosure notes, they still locate identity in
an enrolled statistical profile and grade each new observation as a match against that
profile. The gap that remains is architectural: identity still lives in a stored reference, so

drift is still a slow failure and a replayed sample can still look valid at a point in time.

The Architecture

The disclosed approach moves identity out of any stored template and into the
continuity of the signal stream itself. Identity is defined as the property of a signal
stream that exhibits coherent, policy-verifiable continuity across a sequence of
observations, where each new observation is validated as a plausible successor to the
prior sequence rather than matched against a reference. There is no enrolled profile to

match; the identity resides in the chain.

The pipeline. Each resolution event runs through a fixed sequence disclosed as FIG.
OA:

« Signal acquisition from one or more modalities. The disclosure organizes these
into three tiers: contact-based (fingerprint, palm, iris), semi-contact (wrist, ear, or
body-worn sensors giving continuous pulse, electrodermal, gait, and respiration
dynamics), and non-contact (gait, voice, keystroke and interaction rhythms, remote
physiological observation). For a live session the semi-contact and non-contact tiers
matter most because they provide continuous temporal coverage at low interaction

friction.

o Feature extraction and noise-tolerant normalization that produces a
continuity-suitable feature stream. Critically, this preserves temporal dynamics the
rate and pattern of change over the capture window, feature coupling, and
periodicity not just instantaneous values, because the validator judges a trajectory,
not a snapshot. An adaptive normalization scheme keeps a running per-feature

model so gradual physiological change is absorbed without re-enrollment.



« Stable sketching reduces, projects, and quantizes the feature stream into a noise-
tolerant, non-invertible representation, with helper data that lets a later capture

reproduce the same band assignments without exposing the underlying signal.

» Biological hash generation produces a temporally bound, domain-scoped hash

from the sketch. It is never compared against a stored template.

o Trust-slope validator evaluates the new hash for continuity with the recent chain

of prior hashes.

The trust-slope and its four outcomes. The trust-slope is the ordered chain of
biological hashes that is the identity record. Validation is not binary. The disclosure
specifies a graded continuity score judged against policy thresholds, yielding one of four

outcomes:

e Strong continuity score above the high-confidence threshold; hash appended with

full confidence.

o Acceptable continuity between the high and minimum thresholds; appended with

a reduced-confidence annotation.

 Degraded continuity below the minimum threshold but consistent with known
degradation (sensor noise, environmental interference, a known physiological

event); appended with a flag that triggers enhanced monitoring.

o Continuity failure below threshold and not explained by known degradation; the

hash is not appended.

This is the mechanism that separates your two target signals. Because validation
compares against the recent trajectory rather than a fixed template, gradual
physiological drift stays continuous. An abrupt discontinuity the profile the
disclosure attributes to injury, surgery, acute illness, or identity substitution is what
surfaces as continuity failure. Operator handoff is, structurally, an abrupt discontinuity

in the chain.



Handoff as a first-class check. Section 9.25 applies this directly to embodied
systems: continuity is evaluated at intervals set by the safety criticality of the operation
to verify the operator now in control is the operator who initiated the session. If
continuity breaks indicating the operator changed, left the station, or became
incapacitated the system triggers a safety protocol proportional to context (a vehicle
decelerating with hazard lights; a surgical system pausing non-critical actuators; an
industrial machine dropping to safe idle). The disclosure is explicit that this is a
governed degradation, not an abrupt shutdown, because an abrupt shutdown is
itself a hazard in embodied contexts. The break is recorded in the lineage of both the

system's agent and the biological trust-slope for later forensic review.

Fatigue as a byproduct of the same baseline. The trust-slope accumulates a rich,
continuously updated model of the operator's own normal. Section 9.19 uses that
individualized baseline for state inference: it detects deviations from the operator's
own norm classified by magnitude, pattern, dynamics (abrupt vs. gradual, sustained vs.
transient), and context, and maps them to operational state categories including fatigue
(degraded gait dynamics, reduced interaction speed, voice changes consistent with
reduced alertness), elevated stress, impairment, and elevated arousal. The disclosure is
emphatic and you should carry this constraint into your build that this is non-
diagnostic: it compares the operator only against their own continuity baseline, never
against population norms, and outputs an operational deviation classification, not a

medical determination.

How to Approach the Build

The following is the order a developer would work in. Treat the interface sketches as

illustrative and faithful to the disclosure, not as a package to install.

1. Choose your acquisition tiers by safety criticality. Decide which of the three
tiers you can realistically sustain during a task. The tiers are fusible, and the disclosure

expects fusion: a high-assurance station might pair contact-based primary acquisition



with continuous non-contact monitoring, while a lighter deployment leans on semi-
contact wearable signals plus non-contact behavioral patterns. Higher-criticality

operations warrant richer, more frequent capture.

2. Build the feature layer to preserve time, not snapshots. Your extractor must

emit temporal dynamics, not point values.

// illustrative, per the disclosed feature stages
extract(rawwWindow) —-> {

perFeature: modalityFeatures(rawWindow), // stage 1: modality-nativ
dynamics: { rateOfChange, shortTermVariability,

coupling, periodicity }, // stage 2: temporal dyna
normalized: crossSignalNormalize(...) // stage 3: scale + align

Feed this through the adaptive normalization model so slow drift updates the running

per-feature expectation on every event.

3. Implement stable sketching and the temporally bound hash. The sketch
must be non-invertible by construction dimensional reduction, projection, and
quantization each discard information so the hash carries enough for continuity but
cannot reconstruct the signal. Generate helper data so later captures reproduce band
assignments within the noise tolerance. Domain-scope the hash so relying parties

cannot link identities across contexts.

4. Implement the trust-slope validator with graded outcomes. Do not return a

boolean.



// illustrative
validate(newHash, recentChain, policy) -> {
score: continuityScore(newHash.sketch, recentChain), // graded, not match
outcome: classify(score, policy.thresholds,
knownDegradationPatterns), // strong | acceptab
cumulativeConfidence: rollUp(recentChain)

Keep a sliding window of recent entries as the reference so gradual change is absorbed
automatically. Maintain the cumulative confidence measure so higher-consequence

actions can demand a stronger chain.

5. Add predictive drift detection. Build the forward acceptance envelope from the
chain's own history (stable, drifting, periodic, and volatile features), and watch for
successive deviations in the same direction. A single edge-of-envelope reading is noise;
a consistent trend is drift heading toward a continuity boundary, and it lets you widen
the envelope, schedule a controlled reseed, or alert governance before a hard failure.
Classify each deviation as environmental, physiological, or anomalous the last of which

is the one that may indicate substitution or spoofing.

6. Fold anti-spoofing into continuity, not in front of it. Rather than a bolt-on
presentation-attack filter, make continuity the primary defense: a spoofed sample must
be a plausible continuation of the target's recent trajectory, not merely realistic at one
instant. Layer in the four disclosed mechanisms as dimensions of the continuity score:
continuity-consistent challenge-response, sensor attestation, temporal-consistency

(replay) enforcement, and proximity constraints.

7. Wire outcomes to proportional, governed responses. Map the validator
outcome and any state-deviation classification to policy actions, not hard stops. The
disclosed responses include escalating to a higher-assurance acquisition tier when

confidence drops (and de-escalating when it recovers), restricting the capability



envelope to exclude high-risk operations, requiring stronger identity verification,
notifying designated parties, and entering a governed degradation mode that permits
only the minimum operations needed for safety. Record every break in the lineage. Full
capability resumes only on re-established continuity with the authorized operator, or on

an explicit delegation of authority to a newly verified operator.

What This Does Not Give You

This is an architecture, not a drop-in library, an SDK, or a package you can install.
There is no downloadable implementation behind this guide. Every stage the modality
extractors, the noise models, the projection and quantization parameters, the
continuity scoring function, the policy thresholds you must design, tune, and validate

for your own signals and safety envelope.

The disclosure is a patent filing describing a method. It is not a benchmarked or
production-proven system, and this guide states no accuracy, false-accept, or false-
reject numbers because the specification states none; do not infer any. Real-world

performance depends entirely on your sensors, environment, and thresholds.

Scope boundaries worth internalizing: continuity needs a chain, so a brand-new session
or one after a long validation gap starts with low cumulative confidence there is genuine
physiological continuity to observe before this earns its assurance. Abrupt but
legitimate physiological events (injury, acute illness) can themselves trip continuity
failure and route into recovery, so plan for false handoff signals, not just missed ones.
And the fatigue inference is explicitly non-diagnostic: it flags deviation from the
operator's own baseline to gate authorization, and it is not a substitute for a medical
device, blood-alcohol measurement, or any clinical fitness-for-duty determination.

Treat its output as an operational signal, never a health verdict.



Disclosure Scope

The architecture described in this guide continuity-based biological identity, trust-slope
construction and continuity validation, biological state inference from an individualized
baseline, and operational handoff verification with graceful degradation is disclosed in
United States Patent Application 19/647,395. This guide is educational. It explains an
approach a developer can build; it is not a warranty, a specification of a shipping
product, or an offer of software, and nothing here should be read as a guarantee of
performance, security, or fitness for any particular use. Any third-party technologies
referenced for context are described only to situate the approach and imply no

affiliation.
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