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Sensor-Primary Autonomy Has Hit a Regulatory
Wall

The dominant L4/L5 deployment model puts the certification burden on the sensor

stack: each manufacturer must convince state DOTs, federal regulators, and insurers

that its perception, planning, and control software produce safe behavior across all

reasonable conditions. After a decade of effort, the model has produced limited

commercial deployment in narrow geographic windows.

The reason is not that sensor-primary stacks are unsafe. It is that the certification

model is structurally mismatched with the regulatory authority's actual capacity.

State DOTs certify roads. They do not certify software. The authority required to

approve an AV deployment thus requires the regulator to operate outside its expertise

and accept liability for decisions it cannot meaningfully audit.

Regulators have responded by deferring deployment, requiring per-mile operator

monitoring, restricting routes, or simply refusing certification. The cumulative effect

is that L4/L5 commercial services remain niche after billions of dollars of investment.

1. Inverting the Certification Model
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Marker track transport inverts the certification target. A road segment is approved by

its regulatory authority through credentialing the markers installed in it. A vehicle is

approved to operate on credentialed segments by demonstrating it correctly reads,

evaluates, and follows credentialed marker sequences. Sensor-stack robustness

becomes a fallback rather than the primary safety basis.

This puts the certification authority back into its actual expertise: state DOTs certify

segments, the way they currently certify lane geometry, signage, and signal timing.

The vehicle's responsibility is reduced from 'understand all possible road conditions'

to 'correctly follow this credentialed sequence.'

The architecture does not require all roads to be marker-equipped. Progressive-

density fallback enables continuous operation across fully-equipped segments,

partially-equipped segments, and unmarked segments, with the operating mode (and

the regulatory authority) shifting accordingly.

2. The Three-Tier Marker Architecture

Tier 1 markers are passive: RFID studs, optical fiducials, or NFC tags installed at lane

edges, intersections, and transition points. They cost cents to dollars, install in

seconds, last for years, and read with off-the-shelf interfaces. Each marker holds an

authority-credentialed payload: jurisdictional ID, segment ID, lane class, geometry

hint, advisory flags.

Tier 2 sentinels are active: traffic signals broadcasting current state, gantries

broadcasting toll-zone parameters, transit-station apparatus broadcasting boarding

state, port apparatus broadcasting berth occupancy. They communicate over the same

wire format as Tier 1 markers but with attestations of liveness and time.

Tier 3 cognitive infrastructure agents are full computational agents installed at

intersections, transit stations, port aprons, and corridors. They produce composite

observations, forward and aggregate broadcasts for sentinels and markers in their

region, and serve as the routing brokers for inbound queries.



The three tiers compose: an unmarked segment is unmarked. A Tier-1-only segment

is marker-track-equipped with static authority. A Tier-1-plus-Tier-2 segment adds

live attestation. A fully equipped segment supports composition, forwarding, and

query.

3. Route Manifest Composition Across Authorities

A route from origin to destination crosses multiple jurisdictional authorities: a city, a

state, an interstate corridor, a port authority, a private campus. Each authority signs

the credentialed markers in its segments. The route manifest is composed by walking

the marker sequence and accepting credentials from authorities the operating unit

has admitted into its policy.

Composition does not require pre-negotiated interoperability between authorities.

Each authority signs its own segments; each operating unit decides which authorities

it accepts; the manifest emerges from the intersection. An authority unfamiliar to a

unit produces a fallback to sensor-primary mode in that authority's region, rather

than a refusal to enter.

Cross-authority composition handles transitions: at a jurisdictional boundary, the

unit re-evaluates which authority's credentials are present and adjusts mode

accordingly. The transition is a structural event recorded in lineage with both the

incoming and outgoing authority's signatures.

4. Progressive-Density Fallback

Marker-track transport does not require uniform infrastructure density. The

progressive-density fallback admits continuous operation across fully-marked,

partially-marked, and unmarked stretches with mode transitions governed by

composite admissibility.



On a fully-marked segment, the unit operates in marker-primary mode with sensor-

primary as cross-check. On a partially-marked segment, the unit operates in hybrid

mode with both contributions weighted. On an unmarked segment, the unit operates

in sensor-primary mode with the regulatory framework explicitly recognizing the

diminished authority basis.

Progressive density solves the chicken-and-egg deployment problem that has stalled

V2I for two decades: deployments do not require complete coverage to provide value.

A first-mile / last-mile city deployment provides immediate value; corridors get

retrofitted incrementally; coverage densifies based on demand.

5. Byzantine-Robust Platooning Under
Credentialed Sequences

When multiple vehicles platoon along a marker-track corridor, the marker sequence

provides a shared coordination reference. Each vehicle independently reads the

credentialed markers and broadcasts its own platooning state. A Byzantine-robust

consensus over the broadcasts allows platoons to operate even when a fraction of

participating vehicles are misreading or adversarially misreporting.

Adversarial-marker rejection runs structurally: a marker that doesn't match the

credentialed sequence in expected position, or whose credential fails verification, is

excluded from the route manifest. Adversaries placing fake markers face the entire

credentialing apparatus, not the per-vehicle sensor stack.

The platooning mode is itself a graduated commitment: tight platooning under high-

confidence marker continuity, looser spacing under partial coverage, separation

under sensor-primary fallback.

6. The Regulatory Narrative



The architecture matters not just technically but politically. State DOTs and federal

regulators face a structural decision: continue certifying sensor stacks (impossible at

scale, increasing liability exposure), or shift to certifying segments and require

operating units to prove they read certified segments correctly. The latter is within

their existing expertise.

Once a single state adopts the per-segment certification model as a precondition for

commercial AV operation, every fleet operating in that state must comply. The patent

reaches every fleet that operates on credentialed segments, regardless of which

manufacturer's sensor stack the fleet uses.

This is the regulatory moat: not a clever algorithm, but an architectural shift that

aligns with how regulators actually work. Adoption is driven by regulator preference

and liability allocation, not by manufacturer choice.

7. What This Is Not

This is not AprilTag/ArUco fiducial localization. Those systems read uncredentialed

visual fiducials for relative positioning. The governed primitive's markers carry

cryptographic authority, jurisdictional binding, and route-manifest payloads.

This is not E-ZPass / DSRC roadside-unit (RSU) infrastructure. RSUs broadcast

messages but do not constitute primary route authorization. The governed primitive's

markers are the regulatory basis for operation, not just a communication channel.

This is not AGV guide-wires or guided-bus systems. Those require physical guidance

infrastructure and dedicated right-of-way. The governed primitive operates on

existing public infrastructure without right-of-way acquisition.

Conclusion



Marker track transport inverts the autonomous-vehicle certification model from

sensor-stack certification (impossible at scale) to per-segment authorization (within

regulatory expertise). The three-tier marker architecture enables progressive

deployment from passive-marker-only segments to fully-agent-served corridors.

Route manifest composition handles cross-authority transitions structurally.

The regulatory implications are significant: once a state adopts per-segment

certification as a deployment precondition, the patent reaches every commercial fleet

in that jurisdiction. This architecture is disclosed under USPTO provisional

64/049,409.


