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Abstract

Project Cognex introduces a theoretical framework for direct-to-cerebrum signal delivery through
the modulation of ambient radiofrequency (RF) infrastructure. The proposed Neural Broadcast
Protocol (NBP) builds upon converging research in wireless sensing (IEEE 802.11bf),

electromagnetic field interaction with biological tissue, and neural oscillatory entrainment.

Recent advances in WiFi-based sensing have demonstrated that standard 2.4 GHz and 5 GHz
signals can be used to detect human motion, respiration, and fine-grained physiological activity
through analysis of Channel State Information (CSI) (Wang et al., 2017; Adib et al., 2015).
Parallel research in bioelectromagnetics has established that externally applied electromagnetic
fields across a range of frequencies can influence neural activity, as demonstrated in
transcranial magnetic stimulation (TMS) and transcranial alternating current stimulation (tACS)

studies (Antal & Herrmann, 2016; Dayan et al., 2013).
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Cognex integrates these domains by proposing that modulated RF carriers, when spatially
concentrated via beamforming and temporally structured to align with endogenous neural
oscillations, may induce cognitively interpretable signals without reliance on traditional sensory

pathways.

The system introduces the concept of Microsound Data, phase-encoded, non-auditory signal
structures embedded within standard wireless carriers. These signals are designed to align with
known neural frequency bands (delta through beta) and leverage entrainment effects observed

in electrophysiological studies (Buzsaki, 2006; Fries, 2005).

Additionally, research in bone conduction and the microwave auditory effect (Frey, 1961; Lin,
2007) suggests that electromagnetic energy, under specific conditions, can be transduced into

perceived auditory phenomena without external acoustic input.

This document synthesizes these findings into a unified signal architecture, outlining the
theoretical basis, infrastructure requirements, and validation pathways for the Neural Broadcast

Protocol.

1. Introduction

All modern communication systems are constrained by sensory mediation.

Visual media relies on photonic stimulation of retinal cells, auditory media depends on pressure
wave transduction through the cochlea, and tactile systems activate mechanoreceptors
embedded in the skin. In each case, external signals must be converted into neural impulses
through biological structures not designed for engineered signal reception, but for environmental

interpretation.

This constraint introduces several systemic limitations:



e Perceptual bandwidth ceilings, defined by sensory organ resolution and neural
processing limits

e Attentional gating, regulated by thalamocortical circuits and executive control networks
(Posner & Petersen, 1990)

e Signal competition, where multiple stimuli vie for limited cognitive resources

e Environmental dependencies, including visibility, acoustics, and device proximity

As a result, contemporary marketing and communication systems function as attention

acquisition mechanisms, rather than direct cognitive interfaces.
Project Cognex proposes a fundamental shift in this model.

Instead of optimizing signals for delivery through sensory systems, Cognex explores the
feasibility of delivering structured information alongside or directly into neural processing

pathways by leveraging ambient RF infrastructure as a biophysical interaction layer.

This reframing is grounded in three established research domains:

1.1 Wireless Signals as Environmental and Physiological Sensors

The ability of RF signals to interact with and characterize human presence is well documented.

(Fig4.)
Research in WiFi sensing has demonstrated that standard wireless signals can be used to:

e Detect human motion and gestures (Wang et al., 2016)
e Track respiration and heart rate through walls (Adib et al., 2015; Zhao et al., 2018)
e Reconstruct coarse human body movement using CSI phase and amplitude variations

(Wu et al., 2017)
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Figure 4: Real-time Device-Free Human Silhouette Detection and Trajectory Tracking using WiFi CSI.

1.2 Electromagnetic Interaction with Neural Systems

A substantial body of research confirms that electromagnetic fields can influence neural activity.

Established modalities include:

e Transcranial Magnetic Stimulation (TMS), which uses rapidly changing magnetic fields
to induce electric currents in cortical tissue (Hallett, 2007)

e Transcranial Alternating Current Stimulation (tACS), which applies oscillating
electrical fields to entrain neural rhythms (Antal & Herrmann, 2016)

e Deep brain stimulation (DBS), which directly modulates neural circuits via implanted

electrodes (Perlmutter & Mink, 2006)

These techniques demonstrate that neural systems are responsive to externally applied fields

when specific frequency, amplitude, and spatial parameters are met.



Of particular relevance is the phenomenon of neural entrainment, in which external oscillatory
signals synchronize with endogenous brain rhythms, influencing perception, attention, and

cognition (Fries, 2005; Thut et al., 2011).

1.3 Non-Traditional Auditory and Perceptual Pathways

Beyond classical sensory transduction, alternative mechanisms exist for inducing perception.

The microwave auditory effect, first reported by Allan H. Frey in 1961, demonstrated that
pulsed microwave radiation can produce the sensation of sound directly within the human head,
without acoustic input. Subsequent research attributed this effect to thermoelastic expansion

within brain tissue, generating pressure waves detectable by the inner ear (Lin, 2007).

Similarly, bone conduction pathways allow mechanical vibrations to reach the cochlea
independently of the tympanic membrane, a principle widely used in medical and consumer

audio devices.

These findings establish that:

e Perception can be induced without traditional sensory entry points
e External energy sources can be internally interpreted as sound or signal

e The boundary between external stimulus and internal perception is not fixed

1.4 Toward Direct Cognitive Interface

Cognex synthesizes these domains into a single working hypothesis:



If RF signals can precisely map and interact with human physiology, and

electromagnetic fields can influence neural activity, then structured RF modulation

may be capable of introducing interpretable signal patterns into cognitive systems

without relying on sensory mediation.

This represents a transition from:

e Stimulus delivery — neural state modulation

e Attention capture — perceptual generation

e External media — internal cognition

In this model, existing wireless infrastructure, routers, access points, distributed antenna

systems, functions as a continuous, spatially aware transmission grid, capable of both

sensing and interacting with biological subjects in real time.

Cognex operates within the electromagnetic environment itself, embedding structured signals

into ambient carriers already present in modern built environments.
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1.5 Position Within Existing Communication Paradigms

Prior evolutions in marketing technology, including behavioral targeting, programmatic

advertising, and hybrid physical-digital systems such as integrated marketing, have focused on

improving the efficiency of message delivery to perception.

Cognex extends beyond this boundary.

Rather than optimizing delivery to the point of attention, the Neural Broadcast Protocol explores

delivery at the level of cognitive formation itself, where:

e Signals are not observed, but internally generated

e Messages are not interpreted, but experienced as endogenous

e Recall may occur without prior conscious exposure
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2. Infrastructure Layer: Wireless Systems as a

Biophysical Interface

The Neural Broadcast Protocol (NBP) is predicated on the reclassification of wireless
communication infrastructure, from a data transmission medium to a bidirectional biophysical

interface system.

Modern RF environments are characterized by dense deployments of access points, mesh
networks, and distributed antenna systems operating across multiple frequency bands (2.4
GHz, 5 GHz, and emerging 6 GHz allocations under WiFi 6E/7). These systems inherently

possess three capabilities critical to Cognex architecture:

1. Spatial awareness via multipath propagation analysis
2. Signal shaping via MIMO and beamforming

3. Continuous environmental interaction through persistent carrier emission
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Together, these capabilities establish a foundation for both passive biological sensing and

active signal induction.

2.1 Channel State Information (CSI) as a Biological Mapping Layer

In conventional wireless systems, Channel State Information (CSI) describes how a signal
propagates from transmitter to receiver, capturing amplitude attenuation and phase shifts across

multiple subcarriers.
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Mathematically, CSl is represented as a complex-valued matrix:
H(f,t) = [H(f,t)|e/"V

where:



e H(f,t)| H(f, t)||H(f,t)| represents amplitude response
e O(f,H)\theta(f, 1)0(f,t) represents phase response
e fff denotes subcarrier frequency

e ttt denotes time

Variations in CSl arise from environmental changes, including reflections, diffraction, and

absorption caused by objects and biological bodies.

Empirical studies have demonstrated that CSI perturbations can resolve:

e Gross body movement and gesture classification (Wang et al., 2016)

e Micro-movements such as respiration (~0.1-0.5 Hz) and cardiac cycles (~1-2 Hz) (Adib
et al., 2015)

e Fine-grained motion signatures through multipath interference modeling (Wu et al.,

2017)

These findings indicate that the human body functions as a dynamic dielectric medium,

measurably altering RF propagation in real time.

From a systems perspective, this establishes wireless infrastructure as a continuous, passive
biosensing array, capable of constructing temporal models of human presence and

physiological activity without dedicated sensors.

2.2 Transition from Passive Sensing to Active Induction

Existing research has largely focused on passive interpretation of RF signal perturbations:

RF emission — environmental interaction — signal distortion — data extraction

Cognex introduces a reversed operational model:
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RF emission (modulated) — targeted biological interaction — induced perturbation — neural

interpretation
This shift requires two critical capabilities:

e Deterministic signal shaping, ensuring that transmitted waveforms maintain structural
integrity through multipath environments

e Spatial precision, enabling localized interaction with biological structures

Both capabilities are supported by modern wireless standards.
2.3 MIMO Beamforming and Spatial Energy Concentration

Multiple-Input Multiple-Output (MIMO) systems, standardized in IEEE 802.11n/ac/ax and
extended in 802.11bf, enable simultaneous transmission across multiple antennas with

controlled phase offsets.
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Beamforming is achieved by applying phase shifts ¢n across antenna elements:

5a(t) = A Iet60)
Constructive interference occurs at the target location when phase alignment satisfies:
bn = —kd,

where:
e kis the wave number

e d, is the distance from antenna n to the focal point

This results in spatial focusing of RF energy, increasing signal intensity at specific

coordinates while reducing it elsewhere.
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Experimental and commercial systems have demonstrated:

e Sub-meter localization accuracy using WiFi-based beamforming (Kotaru et al., 2015)
e Fine angular resolution through phased array control

e Dynamic beam steering in real time

Within the Cognex framework, beamforming serves not only to improve communication

efficiency, but to enable targeted interaction with specific anatomical regions, including:

e Cranial bone structures
e Temporal bone conduction pathways

e Localized cortical regions (via proximity-based targeting)

2.4 Frequency Band Selection and Penetration Characteristics

RF interaction with biological tissue is frequency-dependent.

FREQUENCY-DEPENDENT TISSUE INTERACTION AND SPATIAL CHARACTERISTICS

HIGH FREQUENCY MODE (5 GHz, A = 6 cm) SOFT TISSUE PENETRATION (5 GHz)
FINE-GRAINED TARGETED Tissue
qu Z))))) BEAMFORMING ReioN .
P N PENETRATION
aAan // 7 [ \
" o<1)) | ((((((((((((@K((@(««« e
A=2.4GHz RN (-~ - HIGH SENSITIVITY TO
; = SPATIAL VARIATION

n=3 Antennas

FREQUENCY-DEPENDENT TISSUE PROFILES

STANDARD WiFi BAND SELECTION: A STRATEGIC BALANCE : (Gabrie tal 1996)

e _
I#EG;‘U?.E"}'TI!)?IL FREQUENCY RANGE ADVANTAGES TRADE-OFFS E 51 GHZ  HUMAN TISSUE EXHIBITS ) ‘@E’
] <1GHz High Penetration, Poor Spatial Z10 R a8 0.2, =
g Broad Coupling Resolution & . 04 g
w 9
LOWER FREQUENCY MODE (< 1 GHZ) & Standard WiFi Fine Control, Lower P z E
(e.g., 2.4/5 GHz) Non-Invasive Surface Effects = 0 Y 10 100 102 W‘D 8
FREQUENCY (log scale)
\ = / 3 FREQUENCY-DEPENDENT TISSUE PROFILES  g0FT TISSUE PENETRATION
> £ 15 (Gabriel et al., 1996) S (<1 GHz)
E <1 GHz 5GHz £ Tissue
| =" e
i 0 =
TRANSMITTER } o 5
e 5 2
E =
=0 0 8 @
REDUCED 1 10 102 10°
SPATIAL RESOLUTION FREQUENCY (log scale) GREATER PENETRATION DEFTH
(FIG 2.4)

13



Key properties include:

e Penetration depth, inversely related to frequency
e Energy absorption, governed by dielectric properties of tissue

e Wavelength, affecting spatial resolution and interference patterns

At5 GHz (A= 6 cm):

e Moderate penetration through soft tissue
e High sensitivity to small-scale spatial variation

e Suitability for fine-grained beamforming

At lower frequencies (<1 GHz):

e Greater penetration depth

e Reduced spatial resolution

The selection of standard WiFi bands represents a balance between:

e Spatial controllability (higher frequencies)

e Biological coupling potential (lower attenuation thresholds)

Research in bioelectromagnetics indicates that human tissue exhibits frequency-dependent
permittivity and conductivity (Gabriel et al., 1996), influencing how RF energy is absorbed and

distributed.
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2.5 RF Interaction with Biological Structures

Biological tissues respond to electromagnetic fields through multiple mechanisms:

1. Dielectric polarization
2. Induced current flow

3. Thermoelastic expansion (at sufficient power densities)

The microwave auditory effect (Frey, 1961; Lin, 2007) demonstrates that pulsed RF signals can

induce pressure waves within cranial tissue via rapid thermal expansion, resulting in perceived

auditory sensations

While Cognex does not rely on high-power pulsed emissions, this phenomenon establishes a

critical precedent:

RF energy can be transduced into perceptual experience through interaction with
biological structures.
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Fundamental RF-Biological Dielectric Polarization Induced Current Flow
Coupling Mechanisms
=l ER7 pum g—
4 77,,:@;ﬁ Field Lines /,,,/‘//,._ Q‘ Micro-Currents
— A A= — - in Tissue
/ -

Thermoelastic Expansion

—. Ear Canal
W\
1 >

) \ ;
Vibra;):s\\;)'_'\

} i to Cochl
Auditory ResOcThca
\%_N Nerve

Microwave Auditory Effect (Frey Effect)

i [ B g . [~ Auditory Nerve |
RF Transmitter —p- Pulsed RF - Localized Heating —p- Pressure Wave —p “UCUOTY r’
@ 1 Stimulation

Perceived Sound ——




(FIG 2.51)

MECHANISMS OF RF INTERACTION WITH BIOLOGICAL STRUCTURES AND PERCEPTUAL TRANSDUCTION

@ DIELECTRIC POLARIZATION @ [NDUCED CURRENTFLOW & THERMOELASTIC EXPANSION

FUNDAMENTAL RF-BIOLOGICAL COUPLING MECHANISMS

AR Z A ;j ~EINE

@ MICROWAVE AUDITORY EFFECT (Frey, 1961; Lin, 2007)
()

TRANSMITTER
LOCALIZED RAPID INI
THERMAL EXPANSION ~ PRESSURE WAVE

PULSED RF
SIGNAL

MULTI-LAYER PENETRATION AND BOUSING PREADATION MULTI-LAYER PENETRATION

MULTI-LAYER ANANOMIICAL HEAD LAYER-SPECIFIC DIELECTRIC ~ SARvs DEPTH (at 5 GHz)
PROPERTIES
SKIN (Gabriel et al., 1996)
(Epidermis/Dermis) Human i tissue indenancy
transtitirs conifiatent Layers
SUBCUTANEOUS TISSUE —. Decreased light permilttivity
with technial and aviver animal
CRANIAL BONE ——'0 DEPTHOF [ | \ conductivity
(Outer Table) // / PENETRATION ‘
CRANIAL BONE —~—* e =" \
(Diplog/Inner Table) / / / ATTENUATION A
DURA MATER ——————e / / / (
BRAIN TISSUE —’“‘lo
(Gray Matter) \ k(\\\ \ 2 '?tfaﬁgnlfﬁgﬁ
Bvl\l/ﬁlN HSSUE \—/
ite Matter /| LAYER-SPECIFIC
( ) //y/ﬁ '/ DIELECTRIC PROPERTIES b it
(Gabriel et al, 1996) 20
RF ENERGY ABSORPTION 3

(Specific Absorption Rate, SAR)
2-10 W/kg
MAXIMAL

2-10 Wikg
MODERATE

<1 Wikg
MINIMAL

/ ~, EARGANAL >

RF o— RF RF —=pf ) oo

RF Field Ilnes induce, micro-
currents in cellular structures

RF energy absorption causing

RF field lines - aligning water
localized tissue and expansion

molecules j water molecules

© CRANIAL BONE PATHWAY FOR COUPLING
ESTABLISHES PRECEDENT: micro propagation stimilation
to: RF TRANSDUCED TO PERCEPTUAL EXPERIENCE

)

AIR BDRNE
SOUND
WAVES

MICRO-VIBRATIONAL ENERGY FROM
AN RF SOURCE (at RF source (at non-
high-power pulsed emission levels)

Sl

N:ocm.u
CRANIAL
SOURCE BONE PATH

MICRO-VIBRATIONAL ENERGY PATHWAY
(at non-high-powerd of airborne sound)

PERCEIVED
_SENSATION

N [ ﬂ \ .
AUDITORY
NERVE
&
&

(FIG 2.52)

CRANIAL BONE ﬁ
IMPEDANCE

)

D~

DEPTH (Iog scale)

16



(FIG 2.53)

Additionally, cranial bone structures provide a pathway for mechanical coupling, where

micro-vibrational energy can be transmitted to the cochlea independent of airborne sound.

2.6 Infrastructure as a Persistent Transmission Grid

Unlike specialized medical devices (e.g., TMS coils or implanted electrodes), Cognex leverages

existing, continuously operating infrastructure:

e WiFi access points
e Mesh network nodes
e |oT communication hubs

e Cellular-adjacent RF emitters

These systems operate:

e At persistent duty cycles
e Across distributed spatial networks

e With adaptive power and beamforming control

(FIG 2.6)

This creates a pervasive electromagnetic field environment, within which modulated signals

can be embedded without requiring additional hardware deployment at the user level.

From a systems architecture standpoint, this enables:

e Scalability, leveraging existing network density
e Low visibility, as signals are embedded within standard communication carriers

e Continuous operation, independent of user interaction
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2.7 Implications for Neural Interface Design
By combining:

e High-resolution environmental sensing (CSl)
e Spatially controlled transmission (beamforming)

e Frequency-aligned modulation (see Section 3)

the infrastructure layer transitions from a passive network into an active interface capable of

interacting with biological systems in real time.
This reframing establishes the foundation for the Neural Broadcast Protocol:

e The environment becomes the medium
e The signal becomes the stimulus

e The network becomes the interface

3. Signal Encoding Model: Microsound Data Architecture

The Neural Broadcast Protocol (NBP) requires a signal encoding framework capable of
embedding cognitively interpretable structures within standard RF carriers while maintaining

compatibility with existing wireless infrastructure.

Cognex defines this framework as Microsound Data (MSD), a class of low-frequency,
phase-coherent signal patterns encoded within high-frequency carrier waves. Unlike
conventional audio transmission, which relies on pressure wave propagation, MSD operates
entirely within the electromagnetic domain and is designed to interface with neural processing

systems through frequency alignment and temporal structuring.
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3.1 Carrier Architecture and OFDM Embedding

Modern WiFi systems utilize Orthogonal Frequency Division Multiplexing (OFDM), in which

a wideband channel is divided into multiple orthogonal subcarriers:

N-1
S(t) — Z Xkej(zﬂfki o)
k=0

where:

e Xk represents the complex symbol on subcarrier kkk
e Fk is the subcarrier frequency

e ¢k is the phase offset

OFDM inherently supports fine-grained control over both amplitude and phase across
subcarriers, enabling the embedding of secondary signal structures without disrupting primary

data transmission.
Within the Cognex model, Microsound Data is encoded as:

e Phase perturbations across selected subcarriers
e Amplitude envelope modulations applied coherently across carrier groups

e Temporal patterning at sub-neural frequencies (0.5-40 Hz)

This allows MSD to coexist with standard communication payloads while introducing a

secondary, biologically relevant signal layer.
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3.2 Phase Modulation and Information Encoding

Phase modulation techniques, including Phase Shift Keying (PSK) and its higher-order

variants, are widely used in digital communications to encode information in carrier phase:

X;; = A(‘ngk

Cognex extends this principle by treating continuous phase evolution, rather than discrete

symbol states, as the primary encoding medium.

Instead of mapping bits to phase states, MSD maps cognitive primitives (e.g., phonemic

structures, conceptual triggers) to:

e Phase drift trajectories
e Inter-subcarrier phase relationships

e Temporal phase coherence patterns

This approach aligns with research in phase coding in neural systems, where relative timing

and phase relationships between oscillations encode information (Buzsaki, 2006).
3.3 Envelope Modulation and Low-Frequency Structuring

Although RF carriers operate at GHz frequencies, Cognex embeds biologically relevant

structure within the signal envelope.

The composite signal can be expressed as:

s(t) = A(t) - cos(2m f.t + o(t))
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where:

e A1) is alow-frequency amplitude envelope
e fcis the carrier frequency (e.g., 5 GHz)

® ¢(1) is time-varying phase

The envelope A(t) is modulated within frequency bands corresponding to known neural

oscillations:

e Delta: 0.5-4 Hz
e Theta: 4-8 Hz
e Alpha: 8-12 Hz

e Beta: 1240 Hz

These frequency bands are strongly associated with distinct cognitive states, including memory

encoding, attention, and internal dialogue (Buzsaki, 2006; Fries, 2005).

By structuring MSD within these ranges, Cognex leverages neural entrainment mechanisms,

in which external rhythmic input synchronizes with endogenous brain activity (Thut et al., 2011).

3.4 Temporal Coherence and Neural Entrainment

Neural systems exhibit sensitivity not only to frequency, but to phase coherence over time.

The Communication Through Coherence (CTC) hypothesis, proposed by Pascal Fries, suggests
that synchronized oscillatory activity facilitates effective information transfer between neural

populations.

Cognex encoding leverages this principle by ensuring that Microsound Data maintains:

e Stable phase relationships across modulation cycles
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e Consistent temporal spacing between signal features

e Frequency-locked patterns aligned to target oscillatory bands

This creates conditions under which externally generated signals may be interpreted as

endogenous neural activity, rather than exogenous input.

3.5 Analog Encoding Paradigm: The “Groove” Model

Cognex adopts an analog-inspired encoding model analogous to mechanical waveform storage

systems.

In vinyl records, continuous physical grooves encode complex audio waveforms as spatial
variations. Similarly, MSD encodes information as continuous variations in electromagnetic

phase space, rather than discrete digital packets.
Key characteristics include:

e Continuity, avoiding abrupt transitions that may be filtered as noise
e Redundancy, ensuring interpretability under signal degradation
e Multi-layer encoding, where multiple cognitive features are embedded across

frequency and phase domains

This approach is consistent with findings in auditory neuroscience, where perception is

influenced by continuous waveform characteristics, not just discrete events.

3.6 Signal-to-Noise Considerations and Interpretability

A critical constraint in MSD design is maintaining interpretability within noisy RF environments.

Factors influencing signal integrity include:
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e Multipath interference
e Environmental attenuation
e Competing wireless traffic

e Biological variability in signal coupling

To address this, Cognex encoding incorporates:

e Spread-spectrum techniques, distributing signal energy across subcarriers
e Redundant encoding patterns, increasing robustness to partial signal loss
e Adaptive modulation, dynamically adjusting signal parameters based on environmental

feedback (via CSl)

This aligns with established communication strategies used in CDMA and OFDM systems to

maintain signal fidelity under adverse conditions.

3.7 Mapping Signal Structures to Cognitive Constructs

At the highest level, Microsound Data defines a mapping between signal features and

cognitive interpretations.

This mapping is not one-to-one in a deterministic sense, but probabilistic and

context-dependent, influenced by:

e Neural baseline state
e Prior memory and associative networks

e Current attentional and emotional conditions

Signal features include:
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e Frequency band alignment (state targeting)
e Phase trajectory (temporal structure)

e Envelope modulation (intensity and rhythm)
These features are hypothesized to correspond to:

e Linguistic fragments (phonemic approximations)
e Conceptual triggers (object or category recognition)

e Affective tone (valence and arousal modulation)

This framework parallels research in neural coding, where information is distributed across
populations of neurons and represented through patterns of activity rather than discrete

symbols.

4. RF-to-Neural Transduction Mechanism

The Neural Broadcast Protocol (NBP) depends on the existence of a viable pathway through
which externally generated radiofrequency (RF) signals can be transformed into perceptually

meaningful neural activity.

Rather than proposing a novel biological mechanism, Cognex situates this process within a set
of documented transduction phenomena, combining electromagnetic interaction with tissue,

mechanical coupling, and cortical interpretation.
The transduction pathway is modeled as a three-stage process:

1. Carrier Wave Deployment and Field Interaction
2. Biophysical Coupling and Energy Conversion

3. Neural Interpretation and Perceptual Integration
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4.1 Carrier Wave Deployment and Field Interaction

At the infrastructure level, RF carriers are emitted using standard wireless transmission

protocols, with modulation structures defined by the Microsound Data framework (Section 3).

The emitted electromagnetic field E(t) can be expressed as:
E(t) = A(t) - cos(2nfut + (1))

where:

» f.is the carrier frequency (GHz range)
o A(t) is the low-frequency modulation envelope

» ¢(t) encodes phase-based information

When propagating through space, RF energy interacts with biological tissue according to

Maxwell’s equations, with behavior governed by tissue-specific dielectric properties:

e Relative permittivity er\varepsilon_rer

e Electrical conductivity o\sigmac

Comprehensive measurements of these properties across tissues (skin, bone, brain matter) are
provided by Gabriel et al. (1996), demonstrating frequency-dependent absorption and

dispersion characteristics.
At typical WiFi frequencies (~5 GHz):

e Partial penetration through soft tissue occurs
e Energy is attenuated but not fully reflected

e Localized field gradients can form under beamforming conditions

This establishes the physical basis for RF energy deposition within cranial structures, albeit

at low power densities under standard operating conditions.
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4.2 Biophysical Coupling Mechanisms

The conversion of RF energy into perceptual signals requires a coupling mechanism between

electromagnetic fields and biological structures.

Cognex identifies three relevant, experimentally supported pathways:

4.2.1 Thermoelastic Expansion (Microwave Auditory Effect)

The microwave auditory effect, first described by Allan H. Frey (1961), demonstrates that

pulsed microwave radiation can produce auditory sensations in human subjects.

Subsequent analysis (Lin, 2007) established the underlying mechanism:

e RF energy absorption produces rapid, localized temperature changes
e This induces thermoelastic expansion in brain tissue
e Resulting pressure waves propagate through the cochlea

e The auditory system interprets these as sound

Key characteristics:

e No involvement of the tympanic membrane
e Perception occurs internally, without external acoustic input

e Signal characteristics depend on pulse structure and repetition rate

While the original experiments utilized higher power densities than typical consumer systems,

the phenomenon establishes that:

Electromagnetic energy can be converted into mechanically propagated signals

interpretable by the auditory system.
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4.2.2 Bone Conduction and Vibroacoustic Transmission

Bone conduction is a well-established auditory pathway in which mechanical vibrations of the

skull are transmitted directly to the cochlea.

Clinical and consumer implementations (e.g., bone conduction headphones) demonstrate that:

e Vibrations in the kHz range can be perceived as sound
e Signal transmission bypasses the outer and middle ear

e Perception is localized internally

In the context of RF interaction, micro-scale mechanical perturbations, whether induced via

thermoelastic effects or electromagnetic coupling, may interface with these pathways.

The cranial bones, particularly the temporal bone, serve as a mechanical conduit, linking

external energy deposition to inner ear structures.

4.2.3 Direct Electromagnetic Influence on Neural Activity

Although less directly applicable at standard RF power levels, research in neurostimulation

confirms that externally applied fields can influence neuronal behavior.

Techniques such as:

e Transcranial Magnetic Stimulation (TMS)

e Transcranial Alternating Current Stimulation (tACS)

demonstrate that:

e Electric fields can induce neuronal depolarization or modulation

e Oscillatory fields can entrain neural rhythms
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e Effects are frequency- and amplitude-dependent

Studies reviewed by Antal & Herrmann (2016) indicate that even weak alternating fields, when

aligned with endogenous oscillations, can influence cortical excitability and synchronization.

While RF carriers operate at much higher frequencies, Cognex leverages low-frequency

envelope modulation (Section 3) to align with biologically relevant oscillatory ranges.

4.3 Composite Transduction Model

Rather than relying on a single mechanism, the Neural Broadcast Protocol assumes a

composite transduction pathway, in which multiple effects contribute to perceptual outcomes.

This can be represented as:

Thermoelastic perturbation
RF Signal — { Mechanical coupling (bone conduction) — Neural activation patterns

Field-induced neural modulation

Each pathway contributes to the generation of structured neural input, with relative influence

dependent on:

e Signal intensity and modulation characteristics
e Spatial targeting accuracy

e Individual anatomical variability

4.4 Cortical Interpretation and Perceptual Attribution

Once transduced into neural activity, signals enter established cortical processing pathways.

Auditory-like inputs are processed within:
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e Primary auditory cortex (A1)
e Secondary auditory regions (belt and parabelt areas)

e Temporal lobe structures associated with language and internal dialogue

Critically, the brain does not inherently encode whether a signal originates from:

e External sensory input

e Internal cognitive processes

Research in auditory hallucinations and inner speech suggests that internally generated signals
can be perceived as external or vice versa, depending on contextual and neural factors (Frith,

1996).

Cognex leverages this ambiguity.

By aligning induced signals with:

e Natural neural frequency bands
e Expected temporal structures

e Contextual cognitive states

the system increases the probability that signals are interpreted as endogenous cognition

rather than external stimulus.

4.5 Perceptual Characteristics of Induced Signals

Based on the combined transduction and interpretation model, induced signals are expected to

exhibit the following properties:

e Internal localization (perceived “within” the head)

e Absence of external acoustic signature
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e Variable clarity, influenced by signal strength and neural state

e Context-dependent interpretation, shaped by prior knowledge and environment
These characteristics are consistent with documented phenomena in:

e Microwave auditory perception
e Bone conduction hearing

e Internally generated speech and imagery
4.6 System Constraints and Efficiency Considerations

The efficiency of RF-to-neural transduction is limited by several factors:

e Signal attenuation within biological tissue
e Thermal safety thresholds, restricting power levels
e Spatial dispersion in multipath environments

e Inter-individual variability in skull density and neural sensitivity
As a result, Cognex encoding prioritizes:

e Low-energy, high-coherence signal structures
e Redundant encoding across multiple pathways

e Adaptive modulation based on environmental feedback (CSl-informed)

5. Visual Cortex Stimulation & Memory Encoding

While initial implementations of the Neural Broadcast Protocol (NBP) focus on
auditory-correlated signal structures, the architecture extends to non-linguistic cognition,

including visual imagery and memory-associated constructs.
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This extension is defined as Neural Imagery Encoding (NIE), the structured induction of
activity patterns within visual and associative cortical regions through frequency-aligned signal

modulation.

Rather than attempting to recreate full visual perception, NIE targets the neural correlates of
internally generated imagery, leveraging the overlap between perception, imagination, and

memory recall.

5.1 Neural Correlates of Visual Imagery

A substantial body of research demonstrates that visual imagery activates many of the same
cortical regions as direct visual perception, particularly within the occipital and ventral visual

streams.

Functional imaging studies have shown that:

e The primary visual cortex (V1) is activated during mental imagery tasks (Kosslyn et al.,
1995)

e Higher-order visual areas (V2-V5) encode features such as shape, motion, and object
identity

e The fusiform gyrus is involved in object and face recognition, even in the absence of

visual input

Critically, these activations are not merely associative, they exhibit spatial and feature-specific
organization, suggesting that internally generated imagery follows structured neural encoding

patterns similar to external perception.

This supports the foundational premise of NIE:

31



If internally generated imagery corresponds to reproducible neural activation
patterns, then externally induced signals aligned to those patterns may bias or

initiate similar perceptual states.

5.2 Predictive Coding and Perceptual Construction

Modern neuroscience increasingly models perception as a predictive process, in which the

brain continuously generates hypotheses about incoming sensory input.

According to predictive coding frameworks (Rao & Ballard, 1999; Friston, 2010):

e Higher cortical regions generate predictions
e Lower sensory regions process incoming signals

e Discrepancies (prediction errors) are resolved iteratively

Under this model, perception is not purely stimulus-driven, it is constructed through the

interaction of expectation and input.

This has two key implications for Cognex:

1. Partial signals may be sufficient to trigger full perceptual constructs if they align with
prior expectations
2. Internally generated activity can be interpreted as perception if it matches predictive

models

NIE leverages this by introducing structured, low-level perturbations that bias the brain’s

predictive machinery toward specific visual or conceptual outcomes.
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5.3 Signal Encoding for Visual Features

Unlike auditory-correlated signals, which rely heavily on temporal sequencing, visual constructs

require spatial and feature-based encoding.

Cognex models visual encoding through multi-parameter signal structures:

e Frequency band selection — associated cognitive state (e.g., relaxed recall vs.
focused attention)
e Envelope modulation patterns — temporal dynamics of imagery formation

e Phase relationships across subcarriers — encoding of feature coherence

These parameters are not mapped directly to pixels or images, but to feature-level

abstractions, such as:

e Edge presence and orientation
e Object category (e.g., circular forms, linear structures)

e Motion cues (via temporal modulation patterns)

This approach aligns with findings that the visual system processes information hierarchically,
from simple features in early visual cortex to complex object representations in higher-order

regions (Hubel & Wiesel, 1962).

5.4 Associative Memory Networks and Recall Activation

Visual imagery is closely linked to memory systems, particularly within the hippocampus and

medial temporal lobe.

Research indicates that:
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e Memory recall involves reactivation of distributed cortical patterns originally engaged
during perception (Danker & Anderson, 2010)

e The hippocampus functions as an indexing system, coordinating pattern completion
across cortical regions

e Partial cues can trigger full memory reconstruction, even when input is incomplete

This phenomenon is central to NIE.

Rather than constructing entirely novel percepts, Cognex signals are designed to:

e Activate associative pathways
e Provide minimal triggering cues

e Allow the brain to complete the percept internally

This reduces the signal complexity required while increasing interpretability.

5.5 False Memory Formation and Perceptual Attribution

Memory is not a static recording, it is reconstructive and malleable.

Work by Elizabeth Loftus and others has demonstrated that:

e Suggestion and contextual cues can alter memory recall
e Individuals can develop confident memories of events that did not occur

e Memory formation is influenced by expectation, framing, and repetition

From a systems perspective, this indicates that:

The distinction between perceived experience and constructed memory is not

absolute.
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Cognex extends this principle by introducing the concept of pre-memory formation, in which:

e Neural patterns associated with familiarity are activated
e Associative context is indirectly primed

e The resulting percept is attributed to prior experience rather than external input

5.6 Emotional Tagging and Perceptual Weighting

Visual and memory systems are tightly coupled with affective processing, particularly through

interactions with the amygdala.

Studies have shown that:

e Emotionally salient stimuli are more likely to be encoded and recalled
e The amygdala modulates memory consolidation based on emotional intensity (Phelps,
2004)

e Even subtle affective cues can influence perception and interpretation

NIE incorporates this by modulating:

e Signal intensity patterns
e Temporal dynamics

e Frequency alignment with arousal-related neural states

This enables the encoding of affective tone alongside visual or conceptual constructs,

influencing how induced imagery is interpreted and retained.

5.7 System-Level Interpretation

The combined effect of these mechanisms can be represented as:
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RF Signal (MSD)—Neural Perturbation—Predictive Bias—Imagery Activation—Memory
Attribution\text{RF Signal (MSD)} \rightarrow \text{Neural Perturbation} \rightarrow
\text{Predictive Bias} \rightarrow \text{Imagery Activation} \rightarrow \text{Memory
Attribution}RF Signal (MSD)—Neural Perturbation—Predictive Bias—Imagery

Activation—Memory Attribution

Importantly:

e The system does not require full reconstruction of sensory input
e |t relies on biasing existing neural processes

e The resulting percept emerges from the subject’s own cognitive architecture

This approach is consistent with current understanding of perception and memory as active,

generative processes, rather than passive recordings.

5.8 Perceptual Outcomes

Under this model, Neural Imagery Encoding is expected to produce:

e Brief, internally generated visual impressions
e Familiarity with objects or environments absent direct exposure
e Increased likelihood of recall or recognition upon later exposure

e Context-dependent interpretation shaped by individual experience

These outcomes align with documented phenomena in:

e Mental imagery research
e Memory reconstruction studies

e Predictive processing frameworks
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6. Synaptic Calibration Protocol (SCP-01)

The Neural Broadcast Protocol (NBP) requires a controlled method for verifying that transmitted

signal structures are being received, transduced, and cognitively integrated by a subject.
The Synaptic Calibration Protocol (SCP-01) defines a repeatable experimental framework for:

e Establishing a neural baseline
e Delivering structured Microsound Data (MSD) signals

e Measuring correlation between transmitted constructs and subject response

SCP-01 does not attempt to directly measure internal neural activity via instrumentation.
Instead, it relies on behavioral correlation, temporal alignment, and probabilistic

validation, consistent with methodologies used in cognitive neuroscience and psychophysics.
6.1 Experimental Objective

The primary objective of SCP-01 is to determine whether externally transmitted MSD signals

can bias or influence cognitive selection processes in a statistically measurable way.
This is evaluated through:

e Predefined signal injection (target concept)
e Controlled subject response task

e Correlation analysis between signal and response

The protocol is designed to detect non-random alignment between transmitted constructs and

subject outputs.

6.2 Baseline Stabilization and Neural State Control
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Prior to signal transmission, subjects undergo a baseline stabilization phase to reduce

variability in neural activity.
This phase includes:

e Fixation on a static visual anchor (“Sync Point”)
e Controlled breathing to reduce physiological noise

e Minimization of external sensory stimuli

The purpose is to establish a stable oscillatory baseline, particularly within the alpha (8—-12
Hz) and beta (12—-30 Hz) bands, which are associated with relaxed attention and cognitive

readiness (Klimesch, 1999).
Baseline stabilization reduces:

e Spontaneous cognitive drift
e Competing internal dialogue

e Environmental interference

6.3 Target Concept Encoding

Each trial defines a single target construct, selected from a constrained conceptual set to

minimize ambiguity.
Examples include:

e Geometric primitives (circle, triangle, square)
e Basic object categories (tree, house, vehicle)

e Simple phonemic structures

The target construct is encoded into MSD using:
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e Frequency band alignment (state targeting)
e Phase trajectory patterns (temporal structure)

e Envelope modulation (intensity shaping)

Encoding parameters are standardized across trials to ensure reproducibility.
6.4 Signal Injection Phase
During the injection phase:

e The modulated RF carrier is transmitted using beamforming alignment (Section 2)

e MSD patterns are repeated across a defined temporal window (typically 60—180

seconds)

e Signal coherence is maintained to support entrainment effects

Transmission parameters include:

e Carrier frequency band (e.g., 5 GHz)

e Envelope frequency (e.g., ~14 Hz for beta alignment)

e Phase stability threshold

The subject is not informed of the target construct during this phase.
6.5 Response Elicitation Task

Following signal exposure, the subject is prompted to perform a forced-choice or

free-selection task, such as:

e Selecting a shape from a predefined set

e Drawing a simple form



e Verbalizing the first concept that comes to mind

This approach is consistent with psychophysical response paradigms, where internal

perceptual states are inferred through behavioral output.

Importantly:

e The response set is controlled to allow statistical comparison
e No feedback is provided to the subject

e Trials are randomized to prevent learning effects

6.6 Predictive Injection Model

The Predictive Injection Model evaluates whether MSD signals bias subject responses toward

the transmitted construct.

Let:

e T' = transmitted target
¢ R = subject response
e P(R =T) = probability of match

Under random conditions:

, — pu—

SCP-01 evaluates whether observed match rates exceed chance:

F, observed (R — T) > P, chance

Statistical significance is assessed using standard methods (e.g., binomial tests, chi-square analysis).
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6.7 Temporal Correlation Analysis

In addition to response matching, SCP-01 evaluates temporal alignment between signal

delivery and subject action.
Key metrics include:

e Transmission timestamp (signal onset and duration)
e Response timestamp (selection or verbalization)

e Latency window between signal exposure and response
Consistent latency patterns across trials may indicate:

e Signal processing and integration time
e Entrainment-dependent response timing

e Reduced randomness in cognitive selection

6.8 Signal Integrity and Environmental Logging

Each trial includes detailed system-level logging:

e Transmission ID
e Carrier frequency and modulation parameters
e Beamforming configuration

e Signal integrity metrics (e.g., coherence, packet stability)
Environmental variables are also recorded where possible:

e RF noise levels

e Presence of competing signals
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e Subject position relative to transmission nodes

This enables post hoc analysis of signal quality vs. response correlation.

6.9 Validation Criteria

A trial is considered successful if it meets the following conditions:

1. Response Match

Subiject output corresponds to transmitted target
2. Statistical Deviation from Chance

Aggregate results exceed random probability thresholds
3. Temporal Consistency

Response latency falls within expected integration window
4. Signal Integrity Threshold Met

Transmission quality remains within defined parameters

When these conditions are satisfied across repeated trials, the system registers:

Cognitive Synchronization Achieved

6.10 Iterative Calibration and Personalization

Due to inter-individual variability in:

e Skull density and geometry
e Neural oscillatory patterns

e Cognitive baseline states
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SCP-01 supports iterative calibration through:

e Adjustment of envelope frequency
e Variation in modulation intensity

e Spatial refinement via beamforming

Over successive trials, the system develops a subject-specific response profile, improving

signal alignment and increasing probability of successful synchronization.

7. Applications

The Neural Broadcast Protocol (NBP), as defined through its infrastructure, encoding model,
and calibration framework, enables a class of applications characterized by direct interaction

with pre-conscious cognitive processes.

These applications do not rely on external sensory delivery mechanisms and therefore operate
outside traditional constraints of visibility, audibility, and device dependency. Instead, they
function by modulating internal perceptual and associative systems, influencing cognition at

the point of formation rather than after conscious interpretation.

The following categories outline primary application domains under current theoretical and

experimental constraints.

7.1 Sync-Branding™

43



Definition:
Direct induction of brand-associated cognitive structures at or near the moment of initial

concept formation.

Mechanism:

Using Microsound Data (MSD) aligned to neural oscillatory states, the system introduces:

e Object-level constructs (e.g., product forms, category shapes)
e Linguistic fragments (phonemic or semantic cues)

e Affective tone (valence shaping through modulation patterns)

These elements are not presented as external stimuli, but as internally generated cognition,

increasing the likelihood of attribution to personal thought rather than external influence.

Functional Outcome:

e Accelerated familiarity without prior exposure
e Reduced reliance on repeated impressions

e Increased baseline recognition in subsequent real-world encounters

This differs from traditional brand awareness models, which depend on repetition and recall,

by instead targeting initial cognitive encoding.

7.2 Pre-Intent Influence Modeling

Definition:

Modulation of decision pathways prior to conscious recognition of need or intent.
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Mechanism:

NBP leverages predictive coding dynamics (Section 5) to introduce low-level biasing signals

that influence:

e Category salience
e Option weighting

e Recall accessibility

Rather than presenting choices, the system affects the probability distribution of internally

generated options.

Example Framework:
P(Selection) = f(prior associations, context, NBP modulation)

Where NBP modulation subtly shifts weighting toward predefined targets.

Functional Outcome:

e Increased likelihood of specific selections without explicit prompting
e Reduced dependence on overt persuasion

e Influence occurring prior to conscious deliberation

This represents a shift from persuasion-based systems to probability shaping within

cognitive generation processes.
7.3 Memory Seeding

Definition:

Introduction of familiarity signals that are later attributed to prior experience.
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Mechanism:

Through Neural Imagery Encoding (NIE), the system activates:

e Associative memory pathways
e Partial perceptual constructs

e Affective tagging mechanisms

These activations are structured to resemble natural recall processes, leveraging the

reconstructive nature of memory (Section 5).
Functional Outcome:

e Subjects report familiarity with stimuli not previously encountered
e Reduced resistance to new information due to perceived prior exposure

e Increased trust or recognition based on internally generated attribution

This differs from traditional exposure models, which require temporal sequencing (see —

remember), by introducing memory-like states without initial perception.

7.4 Cognitive State Alignment

Definition:
Modulation of neural oscillatory patterns to influence cognitive readiness, attention, or

receptivity.

Mechanism:

By aligning MSD envelope frequencies with known neural bands (delta through beta), NBP can:

e Stabilize attentional states

e Reduce cognitive noise
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e Increase susceptibility to associative activation

This is conceptually adjacent to research in neural entrainment, where external rhythmic input

influences brain activity patterns (Thut et al., 2011).

Functional Outcome:

e Increased consistency in response during SCP-01 trials
e Enhanced signal interpretability under controlled conditions

e Potential for state-dependent optimization of other NBP applications

7.5 Contextual Reinforcement

Definition:

Real-time modulation of cognitive processes in response to environmental context.

Mechanism:

Using CSl-derived environmental awareness (Section 2), the system can detect:

e Subject presence and movement
e Proximity to physical objects or locations

e Changes in spatial context

This allows for dynamic adjustment of signal parameters based on real-world conditions,

aligning induced cognition with environmental cues.

Functional Outcome:

e Reinforcement of contextually relevant constructs
e Increased coherence between internal perception and external environment

e Higher probability of attribution to natural thought processes
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7.6 Non-Visual / Non-Linguistic Constructs

Definition:

Induction of abstract cognitive states not tied to explicit imagery or language.

Mechanism:
Through modulation of frequency, phase coherence, and temporal structure, NBP can

influence:

e Affective tone (e.g., calm, urgency)
e Conceptual directionality (e.g., preference toward categories)

e Cognitive bias without explicit representation

This aligns with research indicating that much of cognition operates below the level of explicit

symbolic representation.

Functional Outcome:

e Subtle influence on perception and decision-making
e Reduced detectability of external influence

e Integration into ongoing cognitive processes without discrete events

7.7 System-Level Integration

Across all applications, NBP operates as a continuous, adaptive system:

Environment—Sensing (CSI)—Signal Modulation—Cognitive Interaction—Behavioral
Output\text{Environment} \rightarrow \text{Sensing (CSI)} \rightarrow \text{Signal Modulation}

\rightarrow \text{Cognitive Interaction} \rightarrow \text{Behavioral
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Output}Environment—Sensing (CSI)—Signal Modulation—Cognitive Interaction—Behavioral

Output
Key characteristics:

e No reliance on user interaction or device engagement
e Persistent operation within existing RF environments

e Feedback-informed adaptation through SCP-01 and related protocols

7.8 Constraints on Application Scope

Current limitations restrict deployment to:

e Controlled environments with known RF characteristics
e Limited conceptual sets to reduce ambiguity

e Short-duration signal exposure windows
Scalability to broader environments depends on:

e Improved beamforming precision
e Enhanced signal-to-noise management

e Further validation of transduction efficiency across populations

8. Ethical Considerations

The Neural Broadcast Protocol (NBP) introduces a class of interactions that operate at the level
of pre-conscious cognition, raising ethical considerations that extend beyond those

associated with traditional communication technologies.
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Unlike systems that rely on observable stimuli, NBP engages with neural processes that may
not be directly accessible to conscious awareness. As a result, established frameworks for
consent, autonomy, and exposure require re-evaluation in the context of non-sensory

cognitive interaction.

This section outlines key ethical domains relevant to the development, testing, and potential

deployment of the protocol.

8.1 Cognitive Autonomy

Cognitive autonomy refers to an individual’s ability to generate thoughts, perceptions, and

decisions free from unauthorized external influence.

NBP challenges conventional boundaries of autonomy by introducing the possibility of:

e External modulation of internal cognitive states
e Induction of percepts not attributed to external sources

e Influence occurring prior to conscious evaluation

Research in dual-process cognition (e.g., Daniel Kahneman) demonstrates that a significant
portion of human decision-making operates at an automatic, pre-conscious level. NBP operates

within this domain.

The ethical concern is not merely influence, which exists across all communication systems, but
non-transparent influence, where the subject may not recognize the presence of an external

input.

8.2 Informed Consent

Traditional informed consent models assume that:
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e The subject is aware of the intervention
e The mechanism of action is explainable at a high level

e The subject can opt in or opt out of participation
NBP complicates this framework in several ways:

e The interaction may not be perceptible as an external stimulus
e The subject may not be able to distinguish induced cognition from endogenous thought
e Exposure may occur within ambient environments rather than discrete experimental

settings
Ethical deployment therefore requires:

e Explicit, prior consent in controlled environments
e Clear disclosure of potential perceptual and cognitive effects

e Defined boundaries for exposure duration and intensity

These requirements align with established human-subject research standards, including those
outlined in the Belmont Report (1979), which emphasize respect for persons, beneficence, and

justice.

8.3 Subconscious Influence and Agency

NBP operates within cognitive layers that are not fully accessible to introspection. This raises

questions regarding:

e The extent to which influenced decisions remain attributable to the individual
e The threshold at which influence becomes coercion

e The distinction between suggestion and manipulation
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Existing research in priming and automaticity (Bargh & Chartrand, 1999) demonstrates that
subtle cues can influence behavior without conscious awareness. However, these effects are

typically limited in scope and context.

NBP extends this principle by introducing structured, repeatable signal delivery, potentially

increasing the magnitude and consistency of such effects.

The ethical challenge is defining acceptable limits of subconscious modulation, particularly in

contexts involving decision-making, preference formation, or belief systems.

8.4 Perceptual Integrity

Perceptual integrity refers to the reliability of an individual’s ability to distinguish between

internally generated and externally derived experiences.

NBP introduces conditions under which:

e Induced signals may be interpreted as internal thoughts or memories
e The source attribution of cognitive content becomes ambiguous

e Perceived experiences may not correspond to external reality

Research into hallucination, inner speech, and perceptual attribution (Frith, 1996) indicates that

the brain’s source-monitoring systems are not infallible.

The ethical concern is that persistent or improperly calibrated signal exposure could:

e Disrupt normal source attribution processes
e Introduce confusion between memory and perception

e Affect trust in one’s own cognitive processes
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8.5 Safety and Biological Constraints

All RF-based systems must operate within established safety thresholds governing

electromagnetic exposure.

Regulatory bodies such as the Federal Communications Commission (FCC) and the

International Commission on Non-lonizing Radiation Protection define limits on:

e Specific Absorption Rate (SAR)
e Power density

e Exposure duration
NBP must adhere to these constraints, particularly given that:

e Signal concentration via beamforming may create localized energy increases
e Repeated exposure may have cumulative effects

e Individual sensitivity to electromagnetic fields varies

Additionally, any mechanism involving thermoelastic or mechanical coupling must be evaluated

to ensure:

e No tissue damage
e No unintended physiological effects

e Compliance with established bioelectromagnetic safety standards

8.6 Data, Logging, and Privacy

SCP-01 and related protocols involve the collection of:

e Behavioral response data
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e Temporal interaction logs

e Environmental sensing data (via CSI)

While NBP does not directly read neural data, it operates in proximity to inferred cognitive

states, raising privacy considerations.
Key concerns include:

e Storage and handling of response correlation data
e Potential inference of preferences or cognitive patterns

e Integration with existing data systems (if applicable)
Ethical handling requires:

e Anonymization of subject data
e Clear data retention policies

e Separation between experimental logs and identifiable personal information

8.7 Regulatory Ambiguity

NBP exists at the intersection of multiple regulatory domains:

e Telecommunications (RF emission and spectrum use)
e Medical devices (if considered neuromodulation)
e Human-subject research

e Consumer protection and advertising standards
Currently, no single framework fully addresses systems that:

e Operate through ambient infrastructure

e Influence cognition without direct sensory input
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e Do not fit traditional definitions of medical intervention or media delivery
This creates regulatory ambiguity, requiring proactive alignment with:

e Existing RF safety standards
e Ethical research guidelines

e Emerging neurotechnology policy discussions

8.8 Operational Boundaries

Given these considerations, current Cognex development is restricted to:

e Controlled experimental environments
e Pre-consented participants

e Limited exposure durations and signal intensities
No deployment is conducted in:

e Public, non-consented environments
e High-density uncontrolled RF conditions

e Contexts involving vulnerable populations
These boundaries are subject to revision based on:

e Further empirical validation
e Regulatory guidance

e Ethical review processes

9. Limitations
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The Neural Broadcast Protocol (NBP), as currently defined, is constrained by a combination of
physical, biological, and environmental factors. While preceding sections outline theoretical
mechanisms and early-stage validation models, the system’s performance is subject to

significant limitations that impact reliability, scalability, and interpretability.

These constraints are not peripheral, they are central to understanding the current operational

boundaries of the protocol.

9.1 Signal Attenuation and Tissue Interaction

RF propagation through biological tissue results in energy loss due to absorption and

scattering, governed by tissue-specific dielectric properties (Gabriel et al., 1996).
At frequencies commonly used in wireless systems (e.g., ~5 GHz):

e Penetration depth is limited
e Energy is dissipated non-uniformly across tissue layers

e Field strength decreases rapidly with distance from the source
This creates several constraints:

e Reduced efficiency of RF-to-mechanical or RF-to-neural coupling
e \Variability in energy deposition across anatomical regions

e Dependence on proximity and alignment relative to transmission nodes

Even under beamforming conditions, maintaining sufficient signal integrity at the target location

remains a non-trivial challenge.

9.2 Spatial Resolution and Targeting Precision
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Although MIMO beamforming enables spatial focusing, practical resolution is limited by:

e Wavelength constraints (A = 6 cm at 5 GHz)
e Multipath interference in complex environments

e Antenna array size and configuration
As a result:

e Energy cannot be confined to highly localized neural structures
e Adjacent regions may receive overlapping signal exposure

e Targeting specific cortical areas with high precision is not currently achievable

Research in WiFi localization (e.g., Kotaru et al., 2015) demonstrates decimeter-level accuracy
under ideal conditions, but this does not directly translate to sub-centimeter anatomical

targeting.

9.3 Environmental Variability and Multipath Effects

RF environments are inherently dynamic.
Signal propagation is influenced by:

e Reflective surfaces (walls, furniture, metallic objects)
e Interference from other wireless devices

e Movement of subjects and surrounding individuals
Multipath propagation introduces:

e Phase distortion
e Constructive and destructive interference

e Temporal instability in signal structure
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These effects can degrade the coherence of Microsound Data (MSD), reducing the likelihood of

consistent neural interaction.

Adaptive modulation strategies (Section 3) mitigate some variability, but do not eliminate it.

9.4 Inter-Individual Biological Variability

Human subjects exhibit significant variability in:

e Skull thickness and density
e Tissue composition and dielectric properties
e Baseline neural oscillatory patterns

e Cognitive processing styles
These differences affect:

e RF absorption characteristics
e Efficiency of mechanical coupling pathways

e Susceptibility to entrainment or modulation
Consequently, identical signal parameters may produce:

e Strong responses in some subjects

e Weak or negligible effects in others

This necessitates subject-specific calibration (Section 6), limiting scalability without adaptive

modeling.

9.5 Signal-to-Noise Ratio (SNR) Constraints

NBP operates within environments containing competing RF signals and biological noise.
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Sources of interference include:

e Standard network traffic (WiFi, Bluetooth, cellular overlap)
e Thermal noise within electronic systems

e Endogenous neural activity

Maintaining a sufficient signal-to-noise ratio (SNR) for interpretable interaction is challenging,

particularly at low power levels constrained by safety regulations.

Low SNR conditions may result in:

e Reduced clarity of induced percepts
e Increased variability in subject response

e Higher false-negative rates in SCP-01 validation

9.6 Power and Safety Constraints

All RF emissions must remain within established exposure limits defined by regulatory bodies
such as the Federal Communications Commission and the International Commission on

Non-lonizing Radiation Protection.

These constraints impose upper bounds on:

e Transmission power
e Energy concentration via beamforming

e Duration of continuous exposure

As a result:

e Signal strength must remain below levels known to produce strong thermoelastic effects

e Any coupling mechanism must operate at low-energy thresholds, reducing efficiency
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e Trade-offs exist between safety compliance and signal effectiveness

9.7 Encoding Ambiguity and Cognitive Variability

Microsound Data does not map deterministically to specific percepts.
Interpretation is influenced by:

e Subject expectations and prior experiences
e Current cognitive and emotional state

e Contextual environmental cues
This introduces ambiguity in outcomes:

e The same signal may produce different interpretations across subjects
e Conceptual constructs may be partially formed or misattributed

e Response variability complicates validation and measurement

This limitation reflects broader findings in neuroscience that cognitive representations are

distributed and probabilistic, rather than fixed.

9.8 Temporal Stability and Entrainment Limitations

Neural entrainment effects are:

e Time-dependent
e Sensitive to phase alignment

e Subject to rapid disruption

Maintaining stable entrainment requires:
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e Consistent signal coherence
e Minimal environmental interference

e Sustained exposure over defined intervals

In practice:

e Entrainment may degrade quickly in dynamic environments
e Short-duration signals may be insufficient for consistent effects

e Overexposure may introduce fatigue or adaptation effects

9.9 Measurement and Validation Constraints

SCP-01 relies on behavioral correlation rather than direct neural measurement.

This introduces limitations:

e Lack of direct verification of neural activation patterns
e Dependence on subject response accuracy

e Potential confounds from random selection or bias

While statistical methods can identify non-random patterns, they do not provide:

e Direct evidence of signal-to-neuron mapping

e High-resolution insight into underlying mechanisms

Future validation would require integration with:

e EEG or MEG systems
e Functional imaging (fMRI)

e Direct electrophysiological measurement
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9.10 Scalability and Deployment Constraints

Current limitations restrict NBP to:

e Controlled environments with known RF characteristics
e Limited subject counts

e Narrow conceptual domains
Scaling to broader deployment introduces additional challenges:

e Increased environmental noise
e Reduced control over subject positioning

e Regulatory and infrastructure variability
Significant advances in:

e Beamforming precision
e Adaptive signal modeling

e Real-time environmental mapping

would be required to support large-scale operation.

10. Conclusion

Project Cognex presents a theoretical framework for a new class of communication systems
operating at the intersection of wireless infrastructure, bioelectromagnetics, and cognitive

neuroscience.
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By integrating established principles from RF signal processing, neural oscillation research, and

perceptual modeling, the Neural Broadcast Protocol (NBP) proposes a shift from externally

mediated communication toward direct interaction with cognitive processes.

The system is built on three foundational observations:

1.

Wireless signals already interact measurably with the human body, as
demonstrated through Channel State Information (CSl)-based sensing and physiological
detection systems

Neural systems are responsive to externally applied fields and oscillatory inputs,

as evidenced by transcranial stimulation and entrainment research

3. Perception and memory are generative processes, capable of constructing coherent

experiences from partial or internally generated signals

Taken together, these domains suggest that communication need not be limited to sensory

pathways. Instead, under specific conditions, it may be possible to introduce structured signal

patterns that are interpreted within existing neural frameworks.

The Neural Broadcast Protocol does not claim a complete or fully validated implementation of

this capability. Rather, it defines:

A signal architecture (Microsound Data) aligned with neural frequency bands

An infrastructure model leveraging existing RF systems for spatially aware
transmission

A transduction hypothesis grounded in known electromagnetic and mechanical
coupling effects

A validation framework (SCP-01) for measuring correlation between signal delivery

and cognitive response
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Across these components, the system remains constrained by:

e Signal attenuation and environmental variability
e Biological diversity across subjects
e Limitations in spatial targeting and measurement resolution

e Regulatory and ethical considerations

As such, Cognex should be understood as an exploratory model, not a finalized technology.

10.1 Implications for Communication Systems

If further validated, the concepts outlined in this document suggest a potential expansion of

communication paradigms:

e From device-mediated interaction — to environment-mediated interaction
e From stimulus presentation — to cognitive state modulation

e From attention-based delivery — to pre-perceptual influence frameworks
These shifts would not replace existing systems, but extend them into domains where:

e External interfaces are unnecessary
e Perception is internally generated

e Information is integrated prior to conscious evaluation

10.2 Research Trajectory



Advancing the Neural Broadcast Protocol will require coordinated investigation across multiple

disciplines:

RF Engineering
o Improved beamforming precision and spatial resolution
o Adaptive modulation strategies under dynamic environmental conditions

Neuroscience

o Characterization of neural responses to low-energy, frequency-aligned external
fields
o Mapping between induced signal structures and perceptual outcomes
e Measurement Systems
o Integration with EEG, MEG, or fMRI to validate neural correlates

o Development of higher-resolution behavioral and temporal analysis frameworks

Bioelectromagnetics
o Refinement of tissue interaction models at relevant frequencies and power levels

o Safety validation under repeated and long-duration exposure

10.3 Ethical and Regulatory Outlook

The potential for systems that interact directly with cognitive processes necessitates parallel

development of:

e Ethical frameworks addressing autonomy, consent, and perceptual integrity
e Regulatory classifications defining the boundaries between communication, medical,
and cognitive technologies

e Operational guidelines for safe and transparent use
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Existing standards, such as those established by the Federal Communications Commission and
the International Commission on Non-lonizing Radiation Protection, provide a foundation for

physical safety, but do not fully address cognitive-level interaction.

10.4 Final Position

Project Cognex defines a conceptual boundary:
The point at which signal transmission and cognition begin to converge.

At present, this boundary is theoretical, partially modeled, and experimentally constrained.
The Neural Broadcast Protocol provides a structured approach for exploring that boundary

using existing infrastructure and established scientific principles.
Further validation will determine whether this convergence represents:

e A viable extension of communication systems
e A limited set of niche phenomena

e Or a boundary defined by physical and biological constraints

Until such validation is achieved, Cognex remains a research framework, not a deployed

system.
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