Phyllux Technology: Four Domains, One

Geometry

Date: 2026-03-07 (revised 2026-03-07)

Audience: Engineers, research partners, potential collaborators, technical evaluators
Status: Living technology overview — public

By: David E. Sproule, Phyllux

Dear engineers, researchers, and people who take nature's solutions seriously,

Here is the central thesis.

Nature has been solving engineering problems for hundreds of millions of years. The solutions it has found are not elegant by accident.
They are elegant because the mathematical structure underlying them is genuinely optimal for the constraints the problems impose. When
we study those solutions carefully enough to extract the mathematical principles rather than just copy the biological form, we sometimes

find that those principles have applications far beyond the biological context in which we first observed them.

Phyllotaxis — the golden-angle distribution that governs the arrangement of seeds in a sunflower, leaves around a stem, scales on a

pinecone — is one of those principles.

The golden angle, approximately 137.508 degrees, is derived from the golden ratio. It is irrational: it cannot be expressed as a fraction of
any whole number rotation. This means that no matter how many elements you arrange at successive golden-angle positions, no two
elements will ever be at exactly the same angular position. The arrangement never closes into a ring. It never creates a row. It never

produces the periodic pattern that would cause some positions to crowd and others to gap.

The mathematical properties this produces — optimal even distribution, resistance to resonance, scale invariance, surface-geometry

independence — are directly useful in at least four engineering domains where Phyllux operates.

This document is a technical overview of those four domains: WAVE (antenna systems), MESH (neural interfaces), VAULT (cryptographic
architecture), and CORE (systems integration). It is written for the technically literate reader who wants to understand what Phyllux is

actually claiming and why, not just what we are marketing.
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The Mathematical Foundation
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Before the applications, the mathematics.

The golden ratio ¢ (phi) is defined as the positive solution to the equation x> =x + 1, giving ¢ ~ 1.6180339887. It has the property that 1/¢
= ¢ - 1, making it the most irrational of all irrational numbers in the specific sense that its continued fraction expansion [1; 1, 1, 1, 1, ...]

converges most slowly of any real number. This means that rational approximations to ¢ are, in a precise sense, worse than rational

approximations to any other irrational number.

The golden angle o is derived from ¢@: o =27(1 - 1/¢) = 137.508°. When successive points are placed at angular positions that are successive
multiples of a, the sequence of points is maximally uniform around the circle — no point can be moved to a position that is farther from its

nearest neighbors without bringing it closer to other neighbors. The golden angle is the unique angle that maximizes minimum spacing as

the number of points grows to infinity.
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This maximum-minimum-spacing property is what makes phyllotaxis optimal for biological packing problems. It is also what makes it

useful for antenna element placement, electrode distribution, cryptographic sequence generation, and integration architecture spacing.
Two additional properties compound the value:

Scale invariance. The statistical properties of a golden-angle sequence are the same at every scale. A set of 10 points and a set of 10,000
points both exhibit the same minimum-spacing guarantee, the same angular uniformity, the same absence of periodic clustering. This means

that a design based on golden-angle principles scales without requiring architectural revision.

Surface independence. The golden-angle distribution is defined by rotation, not by Cartesian coordinates. This means it is defined the same
way on a flat surface, a spherical surface, a curved cortical surface, or an abstract mathematical space like keyspace or frequency space. The

distribution adapts to the geometry of the space it lives in without requiring reformulation.

These are the properties that Phyllux is engineering with. The specific claims in each technology pillar derive from these specific

mathematical foundations.



WAVE: The Signal Behaves Better
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Sidelobe

The central problem in antenna array design is the grating lobe.

When antenna elements are spaced at regular intervals, the array has a periodic structure. Periodic structures create constructive and
destructive interference at predictable angular offsets — the same physics that creates the bright and dark bands in a double-slit experiment.
In antenna terms, this means that in addition to the intended beam, there are secondary beams at angles determined by the element spacing
and the wavelength. These secondary beams — grating lobes — represent energy going in the wrong direction, reducing the array's

effective gain and directivity in the intended direction while creating interference in others.

The conventional response to grating lobes is to space elements at half-wavelength intervals. This keeps the first grating lobe outside the
visible region for broadside radiation. But half-wavelength spacing creates constraints on element count and aperture size, and it becomes
increasingly difficult to maintain as array configurations become physically larger or as they are required to operate efficiently across wider

frequency ranges.

A phyllotactically arranged array — elements placed at successive golden-angle azimuthal positions, with radial spacing governed by the
square root function (Vn x constant) — has no periodic structure. Without periodicity, there is no mechanism for grating lobe formation. The
sidelobe pattern of a phyllotactic array is fundamentally different from that of a periodic array: the sidelobes are lower, more uniformly
distributed, and without the concentrated peaks that limit conventional designs.

The specific performance advantages of phyllotactic WAVE arrays include:

Reduced peak sidelobe level. Simulations and emerging experimental evidence show peak sidelobe levels 5-12 dB below equivalent

periodic arrays of the same element count, depending on the application configuration.

Frequency-agile performance. Because the array has no element spacing periodicity, the condition for grating lobe formation is not met

across a wide frequency range. This makes phyllotactic arrays more bandwidth-efficient than conventional designs.

Reduced mutual coupling. Golden-angle spacing produces more varied inter-element distances than regular spacing, which reduces the

systematic mutual coupling that limits the effective independent degrees of freedom in conventional arrays.

Scalable aperture. Adding elements to a phyllotactic array means extending the spiral — no geometric redesign is required. The array

maintains its performance characteristics as it scales.



The applications where these advantages matter most include:

Terrestrial 5G and beyond — where dense reuse of spectrum in urban environments requires arrays that minimize inter-cell interference,

and where MIMO performance depends on maximizing the independent information channels available from a given aperture.

Satellite communication — where aperture size is constrained by launch mass, and maximum effective gain per element matters

enormously.

Radar and remote sensing — where sidelobe levels directly determine range and angular resolution and the ability to distinguish closely

spaced targets.

Distributed and phased arrays — where very large apertures are assembled from many elements that must maintain consistent performance

as the aperture grows.

WAVE is in active development. Mathematical models and electromagnetic simulations are well-developed. Prototype fabrication is the

next significant milestone, and the pathway from prototype to product is clearly defined.
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CENTRAL SULCUS
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Neural interfaces are among the most consequential technology developments of the current century. The ability to communicate directly
with the nervous system — to read neural signals with sufficient fidelity to decode motor intent, sensory experience, or cognitive state, and
to write signals with sufficient precision to modulate those states — opens a frontier of medical and eventually cognitive applications that

will reshape what it means to be a human being with a healthy nervous system.
The engineering challenge is coverage.

The cortex — the outer surface of the brain, where the most accessible neural processing occurs — is a highly folded surface. Its functional
architecture is organized topographically: adjacent regions of cortex process adjacent regions of sensory or motor space. This means that

spatial resolution in electrode coverage translates directly into resolution in the information the interface can extract or inject.

Current implantable electrode arrays are almost all grid-based. A grid is easy to manufacture and easy to mathematically model, but it fails

on curved surfaces in two ways:

First, when a flat grid is mapped onto a curved cortical surface, the spacing between electrodes varies across the array. Regions where the
surface is more curved have stretched spacing; regions where the surface flattens have compressed spacing. This creates systematic

variation in sampling resolution across the array — some regions are over-sampled, others under-sampled.

Second, grid arrays have defined edges with distinctly different boundary behavior than interior positions. Electrodes at the edge of a grid
have fewer neighbors, creating different impedance environments, different signal-to-noise characteristics, and different susceptibility to

tissue displacement artifacts.
Phyllotactic electrode distribution addresses both problems at their root:

Surface-adapted spacing. Because phyllotactic distribution is rotation-based, not coordinate-based, it adapts to the local geometry of the
surface. The minimum spacing between electrodes is maintained regardless of surface curvature, producing consistent sampling resolution

across the full implant area.

No defined boundary. A phyllotactic distribution has no interior and no edge — it simply extends as far as the implant extends, with every
electrode in the same geometric relationship to its neighbors. There are no boundary artifacts, no edge effects, no systematic differences

between electrodes based on their position in the array.



Isotropic resolution. Conventional grid arrays have different spatial resolution along different axes — resolution along the row axis differs
from resolution along the column axis, and diagonal resolution differs from both. Phyllotactic distribution produces isotropic resolution: the

distance to the nearest neighbor is consistent across all angular directions from any electrode.

Scaling without redesign. Adding electrodes to a phyllotactic array means continuing the spiral. No geometric redesign is required. This
matters both for manufacturing (standard tooling can produce arrays of different sizes without retooling) and for experimental flexibility

(electrode count can be varied across subjects without changing array geometry).

MESH also engages with the biocompatibility questions that are inseparable from neural interface engineering. The geometry of an
electrode array determines how it interacts with tissue — the distribution of mechanical stress, the local foreign body response, the long-
term stability of electrode-tissue contact. Phyllotactic spacing, with its maximum-minimum-distance property, distributes mechanical
interaction across a wider area than grid designs, potentially reducing focal stress concentrations that are associated with accelerated tissue

reaction.

The development of MESH is governed by a commitment to patient benefit as the primary criterion. Every design decision is evaluated first
against the question of whether it improves outcomes for the people who will live with these devices. Second against scientific rigor. Third
against engineering elegance. In that order, always.



VAULT: The Security Geometry
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COMPARATIVE ANALYSIS OF POINT DISTRIBUTION: GOLDEN-ANGLE VS. PERIODIC
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The security of every cryptographic system ultimately depends on one thing: the hardness of a problem.

RSA depends on the hardness of factoring the product of two large primes. Elliptic curve cryptography depends on the hardness of the
discrete logarithm problem in groups defined by elliptic curves. AES depends on the hardness of inverting the substitution-permutation

network without the key.

These hardness assumptions have served well for decades. But they are not unconditional guarantees — they are beliefs about the difficulty
of problems given the computational resources currently available. Shor's algorithm changes the computational resources available, not for
all problems but specifically for the integer factoring problem and the discrete logarithm problem. A sufficiently powerful quantum

computer running Shor's algorithm breaks RSA and elliptic curve cryptography.

The post-quantum cryptography community has been developing replacements — lattice-based, hash-based, code-based, and multivariate
polynomial systems whose hardness does not depend on problems that quantum algorithms solve efficiently. Several are now being
standardized by NIST.

VAULT's contribution is not to replace these standardized systems. It is to develop complementary components that address specific aspects

of cryptographic infrastructure where phyllotactic sequence logic provides advantages:

Anti-periodic sequence generation. Many cryptographic systems require random-looking sequences with strong statistical properties. The
quality of these sequences determines the security of the protocols that depend on them. Golden-angle sequences have exceptional
uniformity properties and, critically, no period. A sequence that is truly aperiodic over any finite length eliminates an entire class of period-

based attacks.

Key distribution patterns. In some cryptographic architectures, the spatial distribution of keys across a keyspace must be uniform to
prevent statistical attacks that exploit non-uniformity. Phyllotactic distribution in the relevant abstract space provides the maximum

uniformity guarantee that the mathematics allows.

Nonce construction. Cryptographic nonces — numbers used once — must be both non-repeating and unpredictable. The combination of
irrationality (non-repeating) and irrational-number statistics (difficult to predict by extension of a partial sequence) makes golden-angle

sequences useful in nonce construction in ways that linear congruential or conventional pseudorandom generators are not.



Rotation-resistant pattern obfuscation. Some attack classes depend on recognizing rotational or reflective patterns in cryptographic
structures. Because golden-angle patterns have no such symmetry at any scale, they are resistant to attacks that depend on recognizing

periodic or quasi-periodic structure.

VAULT is at a research and specification stage. The mathematical foundations are solid. The specific protocol constructions are in
development. The path from mathematical property to deployable cryptographic component is well-understood and is what current

development is following.

CORE: The Geometry as Integration Language
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The three pillars described above — WAVE, MESH, and VAULT — are individually valuable. But they are more valuable as parts of an

integrated architecture than as isolated technologies. CORE is that integration architecture.

The deepest value of CORE is not organizational. It is mathematical.

When multiple systems are built from the same mathematical principles, their interfaces have a natural coherence. The translation overhead
between systems that speak different geometric languages is eliminated. The assumptions about spacing, timing, scaling, and distribution
that one system makes are the same assumptions the other system makes. Integration becomes composition — putting systems together —

rather than translation — converting between systems.
This matters most when the systems are being integrated to serve applications that require all of them simultaneously.

Consider a future scenario: a high-bandwidth wireless communication link (WAVE) feeds data into a neural interface processing system
(MESH) whose security is provided by a post-quantum cryptographic layer (VAULT). In this scenario, the three systems need to
communicate at low latency with minimal overhead. If each system uses a different geometric assumption about spacing, timing, and
distribution, the interfaces between them multiply the complexity of the overall system. Every boundary between systems is a place where

translation happens, and translation takes time, introduces artifacts, and creates failure modes.

In a CORE architecture, the three systems use the same golden-angle geometry at their respective levels. The timing between WAVE and
MESH is governed by the same spacing logic as the internal timing of WAVE. The key distribution for VAULT is defined in the same
abstract space as the electrode distribution for MESH. The interfaces are not translators; they are continuations of the same geometric

language.

CORE also addresses the scaling coordination problem. When a system with three technology pillars needs to scale — more antenna
elements, more electrodes, more cryptographic capacity, more integration nodes — the scaling of each pillar must be coordinated to
maintain the coherent architecture. In a conventional multi-technology system, scaling one component typically requires redesigning its
interfaces with the others. In a CORE architecture, scaling is self-similar: the golden-angle rule that places the 10th element also places the

1000th, and the interface assumptions scale with the same rule.



Integration With Real-World Constraints

Phyllux technologies do not operate in theoretical space. They operate in the real world of manufacturing tolerances, regulatory

requirements, power budgets, reliability specifications, and cost targets.
Several integration realities shape the development of all four pillars:

Manufacturing tolerance. A phyllotactic array specified to nanometer precision cannot be manufactured if the manufacturing process has
micron-level tolerances. The robustness of the performance advantages of phyllotactic geometry to manufacturing imperfection is an active
area of our development. Early simulations suggest that the performance advantages degrade gracefully with manufacturing imperfection —
the sidelobe advantage of a WAVE array, for example, diminishes as element placement errors increase, but remains advantageous

compared to a periodic array with equivalent manufacturing imperfection for moderate error levels.

Regulatory context. Neural interfaces and communication systems operate in heavily regulated spaces. MESH devices are medical devices.
WAVE systems operate in regulated spectrum. VAULT components must be certified for use in security-sensitive applications.
Understanding the regulatory pathways and designing for regulatory success from the beginning is a core commitment of Phyllux's

engineering process.

Power and thermal constraints. Every real system has a power budget. The algorithms that exploit phyllotactic geometry — beamforming
for WAVE, signal processing for MESH, sequence generation for VAULT — must operate within the power and thermal constraints of their

deployment environments. This influences algorithm design and hardware selection at every stage.

Interoperability. The value of CORE's integration architecture is most fully realized when all four pillars are deployed together. But in the
real world, customers will often deploy one pillar alongside existing technology from other vendors. The interfaces that allow WAVE,

MESH, and VAULT to interoperate with non-Phyllux systems are part of the design, not an afterthought.

Honest Assessment of Current State

Where Phyllux technology actually stands as of early 2026:

Mathematical foundations: strong. The mathematical properties that underlie WAVE, MESH, VAULT, and CORE are well-established,

mathematically rigorous, and grounded in decades of research on phyllotaxis, number theory, and their engineering applications.

Simulation and modeling: in progress. For WAVE, electromagnetic simulation work is well developed. For MESH, mechanical and
electrical modeling is in progress. For VAULT, sequence-property analysis is complete; protocol design is in progress. For CORE,

architectural specification is complete; implementation modeling is beginning.

Prototype fabrication: next milestone. For WAVE, prototype antenna array fabrication is the most immediate concrete hardware
milestone. For MESH, prototype electrode array fabrication follows. For VAULT, software-layer prototype is the nearest deliverable. For

CORE, specification-level prototype is the initial target.

Products: not yet. We do not have deployed products. We have developed technology with real value, in active development, on a credible

path to prototype and then to product. This is the honest current state.

We are not at the destination. We are walking toward it. Every phase of development produces new understanding that validates the

mathematical foundations and progressively narrows the distance between what we have and what we are building toward.
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The Promise of One Geometry

What makes Phyllux different from a collection of four independent technology research programs is the unity of the mathematical

foundation.

The golden angle is not a metaphor shared across four unrelated domains. It is a specific mathematical property — optimal distribution
under the constraint of irrational rotation — that happens to be relevant to four specific engineering problems: sidelobe reduction in antenna
arrays, uniform coverage of curved surfaces with electrode distributions, aperiodic sequence generation for cryptographic security, and

consistent-assumption integration of multiple complex systems.

The unity is real. And the unity produces something that individual technology programs do not produce: the possibility of an integrated
architecture where the same geometric discipline governs the full technology stack, from the signal received through the air to the electrode

in tissue to the secure channel carrying the processed data to the system that manages the whole.
This is the ambition of Phyllux.

Not four good technology programs.
One integrated architecture grounded in the geometry nature figured out first.
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With confidence in the mathematics and commitment to the engineering,
David E. Sproule
Phyllux
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