Nick Clark Published April 25, 2026 PDF

How to Build a Sensor Mesh Where the
Environment Itself Broadcasts Authority

You want fixed infrastructure to publish what it sees, and you want
every receiver to weigh that observation by who signed it rather than
trusting all authenticated messages equally. This guide lays out the
architecture for doing that: an authority-credentialed governed mesh
with a byte-level wire format, continuity-based device identity, hop-
history relay, and policy that travels through the mesh itself. It
describes an architecture disclosed in U.S. Provisional Application
No. 64/049,409, not a shipping library. The home inventive step is
the Governed Spatial Mesh inventive step.

What You Are Building

You are building a mesh in which the navigable environment itself, meaning the fixed
devices installed along a road, a warehouse aisle, a port, a corridor, or a battlefield,
produces observations about its own state and broadcasts them to whatever moving
units happen to be present. Instead of every vehicle or robot independently
reconstructing the world from its own sensors, the environment perceives from vantage
points a moving unit can never occupy (a blind corner, an elevated pole, an embedded

subsurface sensor) and publishes what it sees.
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The hard part is not the radio. It is trust. If the environment is going to tell a vehicle
"there is a pedestrian around this corner," the vehicle has to know whether that claim
came from a credentialed transportation authority or from an anonymous roadside
gadget. This guide describes an architecture in which every observation on the wire
carries an authority credential, and every receiver decides how to act based on where in
an authority hierarchy that credential sits. This is the approach disclosed in U.S.
Provisional Application No. 64/049,409. You implement it yourself; there is no package

to install.

Why the Obvious Approaches Fall Short

The natural first move is vehicle-to-everything messaging secured with public-key
infrastructure and a security credential management system. That machinery is real
and it works for what it does: it lets a receiver confirm that a message was signed by an
enrolled participant and was not tampered with. The structural gap is that it produces a
binary answer. A message is authentic or it is not, and every authentic message is then
treated homogeneously. There is no notion, at the protocol level, that a message from a
municipal traffic authority should outrank a message from a hobbyist beacon that is

equally well signed.

Centralized sensor aggregation, IoT platforms, and digital twins have a different gap:
they assume connectivity to a back end. Observations flow up to a cloud collector, get
fused there, and flow back down. In an intersection or a tunnel with no reliable uplink,
that model has nothing to say. And device identity in those systems rests on static
credentials such as API keys or long-lived certificates, so stealing the credential is

enough to impersonate the device.

None of these is a straw man; each is good at its intended job. The gap they share is that
authority is not a first-class, hierarchical property that a receiver's decision logic can

consume. That is the gap the architecture below closes.



The Architecture

The core idea is an architectural inversion: the environment maintains a distributed
spatial world model and distributes governed observations to operating units, rather
than each unit building its own model in isolation. Five mechanisms make that safe to

consume.

The governed observation is the unit of exchange. Everything on the mesh,
whether emitted by a fixed marker, an active sentinel, an infrastructure agent, or a
moving unit, is formatted as a single primitive. Its byte layout, per the disclosure, is an
authority-credential field, a dynamic-device-hash field encoding identity continuity, a
spatial-reference field, a temporal-reference field, a time-to-live field, a variable
payload, and a lineage field recording provenance with a cryptographic integrity
attestation. The lineage field is what lets you reconstruct where an observation came
from and, critically, compose it with the lineage of other observations to form a cross-

device, cross-authority provenance record.

Authority is a taxonomy, not a boolean. Each observation's credential encodes an
issuing-authority identifier, a scope, a temporal validity, a device-binding attestation,
and a cryptographic attestation. The receiver evaluates that credential against a
governance-configurable authority taxonomy: a hierarchical trust structure the
deploying authority defines for its domain. Each level of the taxonomy specifies a
behavioral-response mapping (substrate-condition, mandatory-mutation, high-
confidence, advisory, or untrusted-proposal treatment), whether an observation at that
level may be injected as a mutation into the unit's planning graph, an evidential weight,
and a supersession rule for conflicts with lower levels. The disclosure gives worked
example taxonomies: a roadway domain (regulatory-infrastructure, emergency-
preemptive, operational, advisory, no-authority), a defense domain (theater-command

down to individual-operator), a healthcare domain, a warehouse or port domain. The



taxonomy also supports dynamic escalation and de-escalation, where an entity is
temporarily elevated under policy-defined conditions with a maximum duration and

scope, and cross-authority boundary translation between domains.

Identity comes from continuity, not enrollment. Rather than a static certificate,
each device computes a dynamic device hash from device-specific entropy, sensor
readings, configuration state, clock state, and prior transmission content. The hash
evolves gradually across transmissions in a way that reflects the device's real
operational state over time. A receiver keeps a history of hashes from a given
transmitter and runs a trust-slope validator that scores whether a newly received hash
is a consistent continuation of that sequence. A spoofer that stole a credential still
cannot reproduce the continuity, so credential theft alone is insufficient to impersonate
a device. This works without any enrollment server, which is what lets new devices
come online in a disconnected environment. A governance-policy-defined tolerance
window absorbs legitimate discontinuities from maintenance or configuration changes

without forcing re-enrollment.

Broadcast is fire-and-forget with reconstruction from partial capture. The
transmitter emits a stream of encoded symbols using forward error correction, and a
receiver reconstructs the message from any subset of symbols above a reconstruction
threshold, regardless of which specific symbols it caught. There is no session, no
acknowledgment, no handshake, and the transmitter never needs to know when a
receiver will enter range. This is what makes environment-to-unit broadcast tractable

when units are transient and arrive unpredictably.

Relay preserves the whole chain of authority. A governed message carries a hop-
count field that each relay increments and a hop-history field that each relay extends
with its own identifier, relay time, authority credential, and dynamic device hash. A
policy-defined maximum hop count bounds propagation; a duplicate-suppression
window prevents echo and delayed re-broadcast loops; and a relay-authority check

ensures only devices credentialed at or above a policy minimum may amplify a message



of a given authority level. Because every hop is individually attributable, a consumer
can weight a message by the authority of the path it traveled: a message that came
through several high-authority relays earns more evidential weight than one that came
through unverified ones. There is no route establishment or routing table; the message

simply propagates through any admissible device in range.

Two supporting properties tie it together. The transport is medium-agnostic: the
governance-semantic layer (credential, continuity, admissibility, lineage) is invariant,
and only a medium-specific physical layer changes, so the same message can go out
over radio, optical, acoustic, magnetic-field, wired, or other media without altering the
protocol. And governance policy itself propagates through the mesh, published by a
deploying authority as an ordinary governed observation and admitted at each device

through the same evaluation path as any other observation.

How to Approach the Build

1. Define your authority taxonomy first. Everything downstream keys off it.
Enumerate the levels for your domain and, for each level, write down the behavioral
response, whether it may mutate the planner, its evidential weight, and its
supersession rule. This is a policy artifact, not code, and it is the thing you will

iterate on most.

2. Fix the wire format. Lay out the governed-observation fields as a concrete byte
structure. The disclosure describes a fixed-region layout (for example, authority
credential, then dynamic device hash, then spatial and temporal references, then
time-to-live, then variable payload, then lineage), but it is explicit that byte-, bit-, or
symbol-level encoding is a choice, and that TLV, CBOR, Protocol Buffers,
FlatBuffers, and similar encodings are all in scope as long as they carry the
enumerated fields. Pick one and freeze it behind a protocol-version field so you can

evolve later.



3. Sketch the observation interface. The following is illustrative pseudocode,

faithful to the disclosed fields, not a library:

GovernedObservation {
authority_credential // issuer id, scope, validity, device binding, a

dynamic_device_hash // continuity token, evolves per emission
spatial_reference // geographic, mesh-derived, or local frame
temporal_reference // global, mesh-derived, or local clock

ttl

pay load // domain-specific

lineage // contributing device, source refs, derivation,

4. Build the contribution path. A contributing device acquires a reading, formats
the observation, attaches its credential, computes and attaches its dynamic device
hash, applies forward error correction, and emits. Note what it does not do: no
acknowledgment, no handshake, no registration. Contribution is complete on

emission.

5. Build the consumption path around a composite admissibility evaluator.
On receipt, reconstruct from captured symbols, verify the credential, map it to a
taxonomy level, run the trust-slope validator against your stored hash history for
that transmitter, and feed all of it into an evaluator that decides accept, gate, or

reject and assigns evidential weight. Record the outcome in your lineage field.

6. Add relay as a policy-gated rebroadcast. Before relaying, run the message
through your own admissibility evaluator, check the hop count against the policy
maximum, check the duplicate-suppression window, verify you are authorized to
relay that authority level, then append your identity to the hop history and

rebroadcast.



7. Keep the physical layer at the edge. Put all credential, continuity, admissibility,
and lineage logic in a medium-agnostic layer, and confine modulation and
demodulation to a swappable physical layer so a second medium is an additive

change.

8. Distribute policy as observations. Publish taxonomy and configuration updates
as governed observations carrying a policy version, scope, and the authority's
signature, and admit them through the same evaluator, so the mesh governs its own

configuration.

What This Does Not Give You

This is an architecture, not a drop-in library. There is no SDK to import and nothing
here "just works" out of the box; you implement each mechanism against your own
hardware, radios, and cryptographic stack. The disclosure specifies structure and
behavior, not tuned parameters: it does not hand you a proven trust-slope scoring
function, a chosen forward-error-correction code with a fixed reduction threshold,
concrete field widths you must use, or benchmark numbers. Those are engineering

decisions you own, and they are where most of the real work lives.

The approach is disclosed in a patent filing, not offered as a benchmarked or
production-proven product. It says nothing about latency, throughput, or reliability
figures, and it deliberately leaves the cryptographic primitives substitutable rather than
prescribing one. It also presumes a deploying authority willing to define and stand
behind a taxonomy; in a domain with no credentialing body and no agreed hierarchy,
the central value proposition does not apply. And continuity-based identity mitigates
but does not magically eliminate spoofing: it converts credential theft into a continuity-
forgery problem, and how strong that is depends entirely on the entropy sources and

validator you build.



Disclosure Scope

The architecture described in this guide, including the authority-credentialed governed
observation, the authority taxonomy, continuity-based device identity via a dynamic
device hash, forward-error-correction broadcast, hop-history multi-hop relay, the
medium-agnostic transport layer, and mesh-distributed governance-policy propagation,
is disclosed in U.S. Provisional Application No. 64/049,409. This guide is educational.
It explains how a skilled developer could approach building such a system and is not a
warranty, a specification of fitness for any purpose, or an offer of software. Nothing

here should be read as a claim that a shipping implementation exists.
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