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How to Coordinate a Drone Swarm Without
a Central Controller

If you are building a multi-drone system, you eventually hit the same
wall: a ground station or leader node that every drone depends on
becomes the single thing that kills the mission when it drops out.
This guide teaches an architecture for peer-to-peer swarm
coordination where no drone is in charge and the environment itself
carries the coordination state. 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 want a group of drones to fly a shared task, avoid each other, react to what any one
of them sees, and keep going when members join, leave, or fail. The constraint that
sends people searching for this guide is the "without a central controller" part: no
ground station that every drone phones home to, no elected leader whose loss strands

the rest, and often no reliable GPS or backhaul at all.

The people who have this problem are building inspection fleets over infrastructure,
search-and-rescue teams over terrain with no cell coverage, agricultural fleets, and

defense or emergency systems that must assume the network and the satellites can go
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away. What they need is a way for coordination state to live in the group and in the

environment rather than in one privileged box.

This guide describes that architecture: a governed spatial mesh in which the navigable
environment and every participating unit broadcast credentialed observations that any
nearby unit can consume, so coordination emerges from peer exchange with no
controller in the loop. It is grounded entirely in the disclosure of U.S. Provisional
Application No. 64/049,409. You implement it yourself; nothing here is a package you

install.

Why the Obvious Approaches Fall Short

The usual approaches each solve part of the problem and leave a structural gap.

Star topology with a ground station. Simple to build and simple to reason about,
but the station is a single point of failure for command, timing, and world state. Lose
the link and the swarm is blind. This is exactly the dependency you are trying to

remove.

Leader election. Moving the "brain" onto an elected drone removes the ground
station but keeps the pattern: one unit holds authority, and re-election after its loss is a
window of degraded or halted operation. It also concentrates trust in whichever unit

currently wins the election.

V2X-style radios. Vehicle-to-everything stacks such as DSRC at 5.9 GHz and Cellular
V2X define real cross-unit message formats and are genuinely peer-to-peer at the link
layer. The disclosure is accurate about their scope: they authenticate messages through
public-key infrastructure and security credential management systems, but treat every

authenticated message homogeneously. There is no notion that a message from a



regulatory authority should outweigh a message from an unknown peer. They also
assume active radios with dedicated power and, for the cellular variant, subscriptions

and infrastructure.

Standard ad-hoc mesh routing. MANET-style routing gets packets between peers
without a controller, but it is transport, not coordination. It carries bytes; it does not
tell a receiving drone how much to trust the sender, whether the sender is who it claims

to be over time, or how to fuse conflicting reports.

The gap common to all of these: none treats a single credentialed observation as the
unit of exchange, carries the sender's governance authority as a first-class field that
changes how the message is weighed, and lets identity, timing, position, and policy all
come from the mesh itself instead of from an external authority. That is what the

architecture below supplies.

The Architecture

The disclosure centers on one primitive: the governed observation. Every
communication in the system, whether from a fixed marker in the environment or from
a drone, is formatted as a governed observation, and the same primitive is uniform
across sensing modalities, signaling media, and device tiers. Coordination is the
aggregate effect of drones emitting and consuming these observations. There is no

controller because there is nothing for a controller to be.

A byte-level wire format. A governed observation is a fixed sequence of fields. Per
the disclosure it comprises, in order, an authority-credential field, a dynamic-device-
hash field, a spatial-reference field, a temporal-reference field, a time-to-live field, a
payload field, and a lineage field. The governed mesh message that carries it on the wire
adds a protocol-version field, a message-type field, and a forward-error-correction
metadata field, ending in a cryptographic-integrity-attestation field that signs the

preceding fields. The disclosure gives illustrative widths (for example, a protocol-



version and message-type byte each, an authority credential typically sixteen to sixty-
four bytes, a dynamic device hash typically eight to sixteen bytes) and is explicit that
the specific encoding is not a limitation: fixed or variable binary, TLV, CBOR, Protocol

Buffers, and others all satisfy it.

Authority-credentialed messaging, not flat authentication. Every observation
carries an authority credential that binds it to the emitting device and names an issuing
authority, a scope, and a validity period. A consuming drone evaluates each observation
against a configurable authority taxonomy: a hierarchy defined by the deploying
authority in which each level maps to a behavioral response, an evidential weight, a
mutation-admission rule, and a supersession rule. This is the structural difference from
PKI-only schemes: the credential is not a binary valid-or-invalid flag consumed by an
authentication check, it is a trust level consumed by the drone's decision logic. A
regulatory-authority observation can supersede a conflicting advisory one; an

uncredentialed peer's report is admitted, if at all, at low weight.

Dynamic-device-hash continuity for identity. Instead of enrolling every drone
with a certificate authority before flight, each transmitter computes a dynamic device
hash from device entropy, sensor readings, configuration and clock state, and the
content of its prior transmissions. The hash evolves gradually across transmissions in a
way that reflects the device's real operational state. Each receiver keeps a short history
of a sender's hashes and runs a trust-slope validator that checks whether a new hash
is a plausible continuation of that sequence. A spoofer that steals a static credential still
cannot reproduce the continuity, so credential theft alone does not let it impersonate a
genuine drone. The disclosure notes this needs no central certificate authority, stores
no long-lived secret on the device, and tolerates configuration changes through a
governance-policy-defined continuity window. This is what lets new drones join

without an enrollment server.



Broadcast that needs no session. Because a drone cannot know when a peer will
come into range, observations are sent with a forward-error-correction scheme that
supports partial-receive-and-reconstruct: a receiver rebuilds the message from any
sufficient subset of encoded symbols, with no session, no acknowledgment, and no
channel feedback. A faster-passing drone catches fewer symbols with a thinner margin;
a slower one catches more. The disclosure lists candidate schemes (rateless erasure
codes such as LT, Raptor, and RaptorQ, high-redundancy Reed-Solomon, repetition,
network coding, timed rebroadcast) and treats the specific choice as selectable, not
fixed.

Medium-agnostic transport and multi-hop relay. The governance semantics sit
above a swappable physical layer, so the same observation rides radio, optical, acoustic,
or wired links unchanged. To reach beyond direct range, each message carries a hop-
count and a hop-history field; every relaying drone increments the count, appends its
identifier and relay time to the history, and rebroadcasts, subject to a governance-set
maximum hop count, duplicate suppression, and a relay-authority check that a message
of a given authority level is only relayed by devices credentialed at or above a policy-
defined minimum. Critically, each relay re-evaluates admissibility before forwarding, so
an inadmissible message is not propagated. Where connectivity is sparse, a store-and-
forward carrier drone buffers observations and rebroadcasts them on entering a

distant peer's range.

Mesh-distributed policy. The rules themselves travel the same way. Governance
policy, and even firmware and skill-adapter updates, are published as governed
observations and propagate through the mesh by the same relay and store-and-forward
path, admitted at each drone through the same admissibility check, applied atomically
with rollback, and recorded in lineage. There is no policy server to connect to. Firmware

updates add a sandbox-evaluation step before application.



Position and time from the mesh, not from satellites. For GPS-denied
operation the disclosure derives a shared coordinate frame cooperatively: drones range
against each other and against any credentialed anchors, a cooperative-localization
engine multilaterates positions, a transitive extender fills in units with no direct
anchor, and an anchor-less bootstrap produces a relative-only frame when there are no
anchors at all. A parallel mesh-derived time primitive establishes a shared temporal
frame through inter-agent time-synchronization observations, without GPS time or a
central clock. Both are governance-chain-preserving, and external sources (satellite,
inertial, visual-inertial odometry) are fused in as additional evidence rather than

depended on.

Composite admissibility ties it together. Every consuming drone runs a
composite admissibility evaluator that fuses observations by authority weight,
continuity validation, and multi-source corroboration, and records the derivation in a
lineage field. That evaluator is what turns a stream of peer broadcasts into a coherent

decision without anyone coordinating the peers.

How to Approach the Build
A workable order of implementation:

1. Define the observation and message structs first. Everything hangs off the
wire format, so freeze the field set before writing any logic. Keep it faithful to the
disclosed order and let payload and lineage be variable-length. An illustrative

interface sketch, not a real API:



// Illustrative only; faithful to the disclosed field set.
GovernedObservation {
authority_credential bytes

dynamic_device_hash bytes

spatial_reference bytes

temporal_reference bytes

time_to_live ul6

payload bytes // message-type-specific

lineage bytes // contributor id, source refs, attestat:

. Pick your authority taxonomy for the deployment. Decide the levels (for
example, an operations authority, per-drone operator authority, and a no-authority
tier) and, for each level, its evidential weight, whether it can inject a plan mutation,

and what it supersedes. This is domain policy, not code you can copy.

. Implement the dynamic-device-hash generator and trust-slope validator.
Start with device entropy plus prior-transmission content as inputs, attach the hash
to every emitted message, and on the receive side keep a bounded history per sender
and score continuity against a policy tolerance window. Treat a broken slope as a

spoofing signal feeding admissibility, not as an immediate hard reject.

. Choose an FEC scheme and broadcast without sessions. Begin with timed
rebroadcast or a repetition scheme to get partial-receive working, then move to a
rateless code if your symbol budget and receiver compute allow. Verify that a

receiver entering range mid-stream still reconstructs.

. Add hop-count, hop-history, and duplicate suppression. Enforce the
maximum hop count and the relay-authority check, and re-run admissibility before
every rebroadcast. Add store-and-forward buffering on the drones that traverse

coverage gaps.



6. Stand up mesh-derived coordinates and time. Implement inter-agent ranging
and cooperative localization; support the anchor-less relative frame so the swarm
has a common frame even with zero anchors. Fuse any GPS or inertial data as

evidence, never as the sole source.

7. Distribute policy over the mesh. Publish policy updates as governed
observations and admit them through the same evaluator, with atomic apply and
rollback. Only once this works do you have a truly controller-free system, because

now even the rules arrive peer-to-peer.

8. Close with the composite admissibility evaluator. Wire authority weight,
continuity, and multi-source corroboration into one gate on the actuation path, and

record lineage for every decision.

What This Does Not Give You

This is an architecture, not a drop-in library. There is no SDK to install and no code
here that "just works"; the sketches are illustrative and you implement every

component yourself.

It has not been benchmarked or productized, and the disclosure states no throughput,
latency, range, swarm-size, or positioning-accuracy numbers. Do not quote
performance figures from this guide, because there are none to quote. You will need to
characterize your own FEC redundancy against your channel, your ranging accuracy
against reference-node density, and your continuity tolerances against your fleet's real

behavior.

It does not remove the need for a root of trust. Someone still defines the authority
taxonomy and issues the top-level credentials; the architecture decentralizes runtime
coordination, not the initial governance decision. Mesh-derived position is bounded by
ranging modality and node density, and an anchor-less frame is relative-only, so if you

need absolute georeferenced coordinates you must admit an external anchor. And if



your deployment genuinely has reliable central infrastructure and a small, static fleet, a
controller may simply be the cheaper answer; this architecture earns its complexity

when the controller is the thing you cannot depend on.

Disclosure Scope

The architecture described in this guide is disclosed in U.S. Provisional Application No.
64/049,4009, titled for a governed spatial mesh for physical-world perception,
coordination, and actuation. This guide is educational: it explains the disclosed
approach so a skilled developer can build their own implementation. It is not a
warranty, not a specification of any product, and not an offer of software, and nothing
here should be read as a claim that a shipping, benchmarked, or production-proven
system exists. Every mechanism described above is drawn from that filing; where the

filing does not state a parameter or a guarantee, neither does this guide.
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The environment holds perception, not the unit. Every transmission carries authority.

Provisional application

PRIMARY TECHNICAL DISCLOSURE

— Governed Spatial Mesh: The Architecture Where the Environment Holds Perception (/articles/gov
erned-spatial-mesh-the-architecture-where-the-environment-holds-perception)

SECONDARY TECHNICAL

— Architectural Inversion: Data Carries Authority (/articles/spatial-mesh/architectural-inversion).

— Three-Tier Environmental Device Architecture (/articles/spatial-mesh/three-tier-devices)

— Governed Observation: Authority-Credentialed Bytes on the Wire (/articles/spatial-mesh/governed
-observation)
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Authority Taxonomy: Hierarchical Trust Structure for Governed Observations (/articles/spatial-me
sh/authority-taxonomy).

Marker Stored-Data Byte Layout (/articles/spatial-mesh/marker-byte-layout).

Governed Mesh Message Format: Medium-Agnostic Message Structure (/articles/spatial-mesh/m
esh-wire-format)

Dynamic Device Hash for Continuity (/articles/spatial-mesh/dynamic-device-hash)

Hop-History Relay (/articles/spatial-mesh/hop-history-relay)

Rateless FEC for Lossy Mesh Media (/articles/spatial-mesh/rateless-fec)

Mobile Store-and-Forward (/articles/spatial-mesh/mobile-store-and-forward).

Firmware Updates Through the Mesh (/articles/spatial-mesh/firmware-via-mesh)

Governance Policy Distribution Through the Mesh (/articles/spatial-mesh/policy-via-mesh).

The World Broadcasts Authority: Navigation as the Physical Dual of Semantic Discovery (/article
s/spatial-mesh/the-world-broadcasts-authority)

APPLICATIONS - GENERAL

Coalition JADC2 Without a Single Data Owner: A Governed Spatial Mesh for Contested
Battlespace (/articles/spatial-mesh/defense-battlespace-mesh)

Cross-Organizational Industrial Digital Twins Without Platform Lock-In: A Governed Spatial
Mesh Architecture (/articles/spatial-mesh/industrial-digital-twin-mesh)

Spoof-Resistant Ship Tracking and Cross-Flag Port Coordination: A Governed Spatial Mesh for
Maritime Operations (/articles/spatial-mesh/maritime-operations-mesh)

Smart-City Sensor Mesh Without a Centralized Data Fabric: A Governed Spatial Mesh Approach
(/articles/spatial-mesh/smart-city-spatial-mesh)

Cross-Vendor Border and Perimeter Surveillance: A Governed Spatial Mesh Deployment (/article
s/spatial-mesh/border-perimeter-mesh-deployment)

EU Al Act Compliance for High-Risk Spatial Autonomy Systems (/articles/spatial-mesh/eu-ai-act-s
patial-compliance)

Pharmaceutical Cold-Chain Traceability: Unified Custody and Temperature Lineage for DSCSA
and GDP Compliance (/articles/spatial-mesh/pharmaceutical-cold-chain-mesh)

Rural Broadband Mesh Alternative for Last-Mile Connectivity (/articles/spatial-mesh/rural-mesh-br
oadband-substitute)

Disaster Response Communications When Cellular Networks Fail: A Governed Spatial Mesh
Deployment (/articles/spatial-mesh/scenario-disaster-deployment)
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APPLICATIONS - SPECIFIC

— Anduril Lattice Alternative: Cross-Authority Mesh Substrate for Coalition Autonomy (/articles/spa
tial-mesh/anduril-lattice)

- AWS GovCloud Alternative for Federated Defense: Governed Spatial Mesh (/articles/spatial-mes
h/aws-govcloud-defense)

— Palantir Gotham vs Governed Spatial Mesh: Cross-Authority Data Sharing_(/articles/spatial-mesh/
palantir-gotham)

— Cisco Hypershield vs Governed Cross-Authority Security Mesh (/articles/spatial-mesh/cisco-hype
rshield)

— Esri ArcGIS vs Governed Spatial Mesh: Cross-Authority Composition (/articles/spatial-mesh/esri-
geospatial-platform)

— Lockheed Martin JADC2 vs a Governed Cross-Service Mesh (/articles/spatial-mesh/lockheed-jadc
2)

— Governed Spatial Mesh Beyond Northrop ABMS and JADC?2 (/articles/spatial-mesh/northrop-jadc2
-abms)

— Raytheon RTX Defense Mesh: Governed Spatial Mesh vs Program-by-Program Integration (/artic

les/spatial-mesh/raytheon-rtx-defense-mesh)

- DIMO Network vs Governed Spatial Mesh: Credentialed Vehicle Observations (/articles/spatial-m
esh/dimo-network)

— Helium Network vs Governed Spatial Mesh: DePIN Coverage Attestation (/articles/spatial-mesh/h
elium-network)

— Hivemapper Alternative: Governed Spatial Mesh for Decentralized Mapping_(/articles/spatial-mes
h/hivemapper-mapping)

— BAE Systems Defense Programs vs a Governed Spatial Mesh (/articles/spatial-mesh/bae-systems-
defense-mesh).

— Governed Spatial Mesh vs Booz Allen Hamilton JADC2 Integration (/articles/spatial-mesh/booz-all
en-defense)

— CACI Defense Programs vs a Governed Spatial Mesh Substrate (/articles/spatial-mesh/caci-defen
se)

— General Dynamics Defense Programs vs a Governed Spatial Mesh (/articles/spatial-mesh/general-
dynamics-defense)

— L3Harris Tactical Radios vs a Governed Cross-Vendor Spatial Mesh (/articles/spatial-mesh/I3harri
s-defense)

— Leidos Defense Programs vs a Governed Spatial Mesh Substrate (/articles/spatial-mesh/leidos-de
fense)

— Leonardo Tactical Mesh vs a Governed Spatial Mesh: Coalition PNT Beyond GNSS (/articles/spati
al-mesh/leonardo-defense-mesh)
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- MBDA Missile Systems vs a Governed Spatial Mesh for Coalition Kill Chains (/articles/spatial-mes
h/mbda-missile-systems)

— Rheinmetall vs a Governed Coalition Spatial Substrate (/articles/spatial-mesh/rheinmetall-defense)

— SAIC Defense Programs vs a Governed Spatial Mesh Substrate (/articles/spatial-mesh/saic-defens
e)

— Thales Defense Mesh Alternative: Governed Spatial Mesh Beyond Link 16 and SYNAPS (/article
s/spatial-mesh/thales-defense-mesh)

— Mobilicom Alternative: Governed Cross-Vendor Spatial Mesh for Tactical Drones (/articles/spatial
-mesh/mobilicom-defense-comms)

Governed Spatial Mesh overview = (/spatial-mesh)



http://localhost:4173/spatial-mesh
http://localhost:4173/articles/spatial-mesh/mbda-missile-systems
http://localhost:4173/articles/spatial-mesh/mbda-missile-systems
http://localhost:4173/articles/spatial-mesh/rheinmetall-defense
http://localhost:4173/articles/spatial-mesh/saic-defense
http://localhost:4173/articles/spatial-mesh/saic-defense
http://localhost:4173/articles/spatial-mesh/thales-defense-mesh
http://localhost:4173/articles/spatial-mesh/thales-defense-mesh
http://localhost:4173/articles/spatial-mesh/mobilicom-defense-comms
http://localhost:4173/articles/spatial-mesh/mobilicom-defense-comms

