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ABSTRACT

This operational and mathematical treatise presents the unified architecture combining the HALOGEN-F Framework and

the Atmospheric Bio-Profiling Intelligence (ABPI) System. By coupling continuous aerosolized bio-sampling, electro-

inertial microfluidic fractionation, Bayesian sequence likelihood estimation, and phase-sensitive quantum entanglement

sensors  with  a  bio-quantum tunneling  transducer  array,  this  framework  transforms  atmospheric  observation.  Beyond

classical  physical  fluid  mechanics,  the  system  continuously  decodes  physical,  chemical,  biological,  and  airborne

environmental  DNA  (eDNA)  profiles  across  regional  wind  currents,  establishing  a  multi-dimensional  predictive

intelligence matrix for planetary biosecurity and weather forecasting. 

1. VISION & EXECUTIVE PREMISE

The St. Anne Weather Center expands the traditional role of a weather observatory into a next-generation Earth

System  Intelligence  Platform.  Rather  than  observing  only  atmospheric  physics,  it  continuously  measures  the

physical, chemical, biological, and genomic state of the atmosphere. 

The fundamental premise is that every parcel of air carries not only meteorological information but also a transient

record of biological activity in the form of airborne environmental DNA (airborne eDNA), RNA, pollen, spores,

microbes, and aerosols. Recent empirical advances demonstrate that ordinary air filters can capture these biological

traces, enabling precision detection of wildlife, pathogens, flora, and incidental human DNA. 

"The atmosphere is not only a fluid governed by the laws of physics—it is also a dynamic carrier of

biological and genomic information." 

2. INTEGRATED INTELLIGENCE LAYERS

The ABPI operational architecture unifies four distinct atmospheric dimensions into a cohesive predictive matrix: 
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Layer Primary Focus Core Variables & Observables

Layer I:

Atmospheric

Physics

Numerical Weather

Prediction (NWP)

Core

Temperature, Pressure, Humidity, Wind Vectors, Turbulence, Cloud

Physics, Doppler Radar, Satellite Imagery, Lightning, Ocean-Atmosphere

Coupling.

Layer II:

Atmospheric

Chemistry

Real-time Chemical

& Particulate

Sensing

CO2, Methane (CH4), Ozone (O3), Nitrogen Oxides (NOx), Sulfur

Compounds, Volatile Organic Compounds (VOCs), PM1, PM2.5, PM10.

Layer III:

Atmospheric

Biology

Bioaerosol Quality &

Ecosystem

Monitoring

Pollen, Mold Spores, Fungal Species, Airborne Bacteria, Viruses,

Bioaerosols, Allergens, Airborne Microorganisms.

Layer IV:

Atmospheric

Genomics

Continuous Airborne

eDNA / RNA

Tracking

Plant Biodiversity, Agricultural Health, Invasive Species Surveillance,

Forest Ecosystem Dynamics, Wildlife Biodiversity, Livestock Tracking,

Airborne Pathogen Tracking, Human Genetic Bycatch (Regulated).

3. AEROSOLIZED BIO-SAMPLING FLOW & TRANSPORT DYNAMICS

The  continuous  collection  of  airborne  genetic  material  through  central  intake  conduits  relies  on  coupled  fluid

dynamics and particle transport equations, accounting for atmospheric advection, diffusion, and gravitational settling

of environmental DNA (eDNA) payloads across regional wind vectors: 

∂C/∂t + u · ∇C = D ∇²C - vs · ∇C + S(r, t)

C(r, t): Local concentration profile of aerosolized eDNA at spatial coordinate r and time t.

u(r, t): Atmospheric intake flow velocity vector field generated by tower intake pressure gradients.

D: Bio-aerosol diffusion tensor within turbulent flow regimes.

vs: Terminal settling velocity vector of particulate carriers (pollen, cellular debris, dander).

S(r, t): Dynamic environmental source flux function driven by localized micro-climate wind currents.

4. ELECTRO-INERTIAL FRACTIONATION & DNA SEPARATORS

Before genomic identification can take place, sampled genetic material must be separated from bulk atmospheric

particulate matter (dust,  synthetic pollutants,  water droplets) utilizing inertial  microfluidics combined with high-

frequency dielectrophoresis (DEP): 

Ftotal = (3πμ dp / Cc)(u - vp) + (1/6) π dp³ (ρp - ρf) ω² r + 2 π εm rp³ Re[K(ω)] ∇|E|²

Stokes Drag (Fdrag): Modified by Cunningham slip correction factor Cc, dynamic viscosity μ, and particle diameter 

dp.

Inertial Centrifugal Term (Fcentrifugal): Driven by vortex angular velocity ω and density differential (ρp - ρf).

Dielectrophoretic Trapping Force (FDEP): Driven by electric field gradient ∇|E|², matrix permittivity εm, and real

part of Clausius-Mossotti factor Re[K(ω)].

• 

• 

• 

• 

• 

• 

• 

• 
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5. BAYESIAN SEQUENCING & STOCHASTIC MATCHING

Once fractionated,  genomic  strands  undergo  accelerated  sequencing.  The  identification  unit  calculates  real-time

maximum likelihood probabilities for biological species present in the sample stream: 

P(Taxon k | S) = [ P(S | Taxon k) P(Taxon k) ] / [ ∑j=1
M P(S | Taxon j) P(Taxon j) ]

The conditional likelihood  P(S | Taxon k) for observed sequence read set  S = {s1, s2, ..., sN} is modeled using a

hidden Markov transition kernel over base-call error matrices: 

P(S | Taxon k) = ∏i=1
N ∑l Til · exp( - dH(si, gk,l) / σ² )

dH(si, gk,l): Hamming distance between sample read si and reference genome segment gk,l for Taxon k.

Til: Transition matrix accounting for amplification jitter and sequencing noise.

6. PHASE-SENSITIVE NON-LOCAL QUANTUM DETECTION

The quantum input array uses entangled photon states (N-photon NOON states) passed through atmospheric cross-

sections to  detect  minute polarizability  changes caused by passing biological  aerosol  clouds without  destroying

sensitive genetic structures: 

Δθmin ≥ 1 / √(FQ(ρθ)) = 1 / N

The Quantum Fisher Information  FQ for an entangled density matrix  ρθ parametrized by phase shift  θ across the

atmospheric channel yields Heisenberg-limited precision: 

FQ(ρθ) = 2 ∑m,n [ (λm - λn)² / (λm + λn) ] | ⟨m | ∂θ ρθ | n⟩ |²

N: Number of entangled photons per probe pulse (N-photon NOON state |ψ⟩ = 2-1/2(|N,0⟩ + |0,N⟩)).

λm, |m⟩: Eigenvalues and eigenvectors of the decohered optical field density operator.

7. BIO-QUANTUM DNA SENSOR ARRAY & TUNNELING TRANSDUCER

At the apex of the tower sits the primary detection interface: the Bio-Quantum DNA Sensor Array. It  measures

electronic  tunneling  currents  across  nano-gaps  as  individual  single-stranded  eDNA  molecules  pass  through

functionalized quantum dots or graphene nanoribbons. 

7.1 Quantum Tunneling Readout Equation

I(V, z) = (2e / h) ∫-&infty;
+&infty; T(E, V, z) [ f(E - eV/2) - f(E + eV/2) ] dE

Where  f(E) is the Fermi-Dirac distribution,  V is applied bias voltage, and  T(E, V, z) is the base-specific energy

transmission probability coefficient at nucleotide position z: 

• 

• 

• 

• 
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(8)

(9)

T(E, V, z) ≈ exp( - (2 / ℏ) ∫0
W √[ 2 me (Vbarrier(x, z) - E) ] dx )

Vbarrier(x, z): Base-specific potential barrier landscape (A, T, C, G, or modified nucleotides) along spatial coordinate 

z.

W: Nanogap tunneling width distance.

7.2 Atmospheric-Genomic Coupling Fusion Model

To correlate raw tunneling signatures back to hyper-local atmospheric wind vectors W(x, y, z, t), the array executes a

continuous nonlinear state update via an Ensemble Kalman Filter (EnKF) coupled state estimator: 

xk+1 = f(xk, uk) + wk

yk = h(I(V, z), P(Taxonk)) + vk

xk: Spatial bio-genomic distribution state vector at time step k.

yk: Real-time sensor array output measurement tensor.

wk, vk: Environmental process noise and electronic measurement noise covariance matrices.

8. TECHNOLOGY & SENSOR ARCHITECTURE

Sensor Category Deployment & Technical Functional Scope

Quantum & Remote

Sensing
Quantum lidar, multi-frequency Doppler radar, hyperspectral atmospheric imagers.

Genomic & Biological

Filtration

Airborne eDNA filtration systems, nanopore DNA sequencers, CRISPR-based biosensors,

tunneling transducers.

Spectroscopic Analytical

Suite
Aerosol particle spectrometers, Raman spectroscopy, environmental mass spectrometers.

Mobile & Autonomous

Swarms

Autonomous drone sampling swarms, high-altitude balloon laboratories, satellite-linked

sensors.

9. ARTIFICIAL INTELLIGENCE & SCALABILITY ROADMAP (2026–2045)

Multidimensional  AI  Predictions: Moving  beyond  binary  weather  forecasts,  the  AI  engine  synthesizes

multidimensional risk and distribution models including bird migration probability, pollen intensity, crop pathogen

transport, airborne disease risk, forest biodiversity indicators, ecosystem stress indices, and agricultural biosecurity

alerts. 

• 

• 

• 

• 

• 
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Phase Milestones & System Capabilities

2026–

2028

AI-assisted weather prediction, localized airborne eDNA collection, bioaerosol baseline monitoring, and smart

sensor fusion initialization.

2029–

2032

Autonomous atmospheric drone fleets, continuous real-time DNA sequencing, near real-time ecosystem

mapping, and planetary biodiversity forecasting.

2033–

2038

Quantum-assisted forecasting engines, global genomic atmosphere network, real-time pathogen transport

modeling, and full Digital Earth atmospheric twin.

2039–

2045

Self-learning atmospheric intelligence, global atmospheric genomic observatory, climate-biosphere co-

modeling, and autonomous environmental decision support.

Bureau of Computum Analysis | Technical Monograph Page 5 of 5


	HALOGEN-F & ATMOSPHERIC BIO-PROFILING INTELLIGENCE (ABPI) ARCHITECTURE FRAMEWORK
	1. Vision & Executive Premise
	2. Integrated Intelligence Layers
	3. Aerosolized Bio-Sampling Flow & Transport Dynamics
	4. Electro-Inertial Fractionation & DNA Separators
	5. Bayesian Sequencing & Stochastic Matching
	6. Phase-Sensitive Non-Local Quantum Detection
	7. Bio-Quantum DNA Sensor Array & Tunneling Transducer
	7.1 Quantum Tunneling Readout Equation
	7.2 Atmospheric-Genomic Coupling Fusion Model

	8. Technology & Sensor Architecture
	9. Artificial Intelligence & Scalability Roadmap (2026–2045)


