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Introduction

In recent years, imaging has moved beyond the visible spectrum. Through the use of
ambient electromagnetic signals—Wi-Fi, GSM, 5G, radar—researchers have developed
systems capable of mapping environments, tracking motion, and detecting presence
without cameras or light. These classical passive imaging systems already operate in
the wild.

Now, quantum sensing and processing promise to enhance the resolution, precision,

and range of such systems dramatically.

This paper introduces a hybrid technical and ethical model: quantum-augmented
passive imaging. It explores the theoretical foundations, current capabilities, and
forward path for constructing high-definition spatial reconstructions from ambient

signals, without emission, consent, or physical contact.

But the implications go beyond science. These systems are legally invisible, ethically
unregulated, and increasingly technically undetectable. Their quiet integration into
homes, public spaces, or institutions could radically alter the meaning of privacy—and

collapse spatial sovereignty in the process.

We explore not just feasibility—but also urgency: the need for anticipatory legal
frameworks, public transparency, and structural ethical constraints on these emerging

tools.

Dr. Attila Nuray 2



Equilibrium Works Unlimited

1. The State of Ambient Imaging Technologies

Modern imaging no longer depends solely on light. Over the past decade, researchers
have demonstrated that spatial information can be reconstructed using ambient
electromagnetic fields such as Wi-Fi, GSM, 4G, 5G, and other radio signals—without

cameras or active emissions.

These systems rely on analyzing how ambient signals bounce, scatter, or attenuate as
they interact with objects, architecture, and human bodies. The most developed
techniques utilize channel state information (CSI) and Doppler shifts to track motion,
detect presence, and, in some cases, infer postures and gestures through opaque

barriers.

One of the most notable examples is the RF-Pose project from MIT, which used
commodity Wi-Fi signals and deep learning to track human movement through walls
with significant accuracy. Other approaches have enabled 3D reconstruction of room
layouts, estimation of breathing patterns, and even identification of individuals based

on how their bodies distort the wireless environment.

Unlike traditional radar or LIDAR systems, these passive systems require no active
beamforming, no optics, and no explicit consent from the imaged subject. As long as
signal saturation is sufficient—and a trained model is applied—the surrounding

environment becomes legible, sometimes even in detail.
However, these classical methods come with important limitations:

* Resolution is typically low. While movement and structure can be inferred, fine

details and object-level fidelity are still coarse compared to optical systems.

» Signal interference and environmental complexity reduce reliability. In cluttered or

multi-user spaces, multi-path propagation introduces noise.

* Computational latency can be high, particularly when real-time performance is

needed.

* Ethical frameworks are lagging, with most jurisdictions treating these systems as

non-invasive simply because they lack a lens.
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Despite these constraints, passive RF-based imaging is already commercially viable
and understudied in legal contexts. Its stealth and accessibility raise questions about

how quickly spatial privacy can erode—even without quantum enhancements.

In short, ambient imaging is no longer speculative. It is operational, expandable, and

largely unregulated.

What quantum processing adds—examined in the next section—is not a replacement

for these systems, but an escalation in their precision, discretion, and threat surface.

2. Quantum — Enhancing Resolution, Reducing Consent Visibility

Quantum technologies are often framed as future-facing tools for computing,
cryptography, or simulation. But less understood—yet equally powerful—is their
potential to augment sensory systems, especially in noisy, passive, or obscured

environments.

When applied to ambient signal imaging, quantum enhancements do not reinvent the
method; rather, they accelerate its fidelity, reduce its detectability, and diminish the
evidentiary trace of intrusion. What classical RF-based imaging does roughly and at
low resolution, quantum-assisted systems could theoretically do with much greater

precision, and with far less signal footprint.

2.1 Quantum lllumination and Noise-Robust Imaging

Quantum illumination leverages entangled photon pairs to perform detection tasks
under high noise or adversarial conditions. Unlike classical radar or LIDAR, quantum

illumination allows for:

* Improved signal-to-noise ratio (SNR) when the environment is saturated with

thermal or competing electromagnetic noise
 Target identification even when reflections are weak or diffuse
* Minimal active emission, and in some setups, passive correlation with ambient fields

In laboratory environments, quantum illumination has already demonstrated object
detection and contour mapping with fidelity surpassing classical methods, particularly
in low-photon and low-contrast scenarios—a situation nearly identical to Wi-Fi and RF

field interaction in densely populated spaces.
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2.2 Sparse Reconstruction via Quantum Algorithms

In spatial reconstruction, much of the computational burden lies in solving
underdetermined or noisy inverse problems: extracting a scene or structure from
fragmented signal data. Classical algorithms such as compressed sensing and neural

networks struggle with:

* Complexity scaling

* Entropic data loss

* Ambiguity from signal interference

Quantum algorithms—such as the Quantum Fourier Transform (QFT), Grover-based

search, and quantum-accelerated sparse recovery—show theoretical advantages in:
 Faster convergence for signal correlation

* Enhanced detection of weak structural features

* Reduced computational latency, particularly in high-dimensional reconstruction tasks

These enhancements enable not only clearer imaging but faster, real-time rendering of

spaces that are currently invisible or only partially legible.

2.3 The New Invisibility: Passive + Quantum

When quantum sensing is paired with passive electromagnetic analysis, the result is a

new kind of surveillance:
» No optics, no beam, no lidar signature

* No human-detectable activity

No thermal or acoustic footprint
* Possibly no legal categorization under current privacy law

This is not a matter of mere technological novelty—it is a shift in ontological power.
With sufficient Wi-Fi density, GSM coverage, and a compact quantum processor, high-
resolution imaging may be achievable without the knowledge, consent, or even

physical proximity of the imaged subject.
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Classical systems raise ethical questions.

Quantum-enhanced passive imaging systems may elude those questions entirely—not

by solving them, but by making the intrusion undetectable.
This latent risk—technological, legal, and philosophical—is the subject of Section 5.

But before that, Section 3 proposes a structured model of what such a system might

actually look like, and how it could be implemented.

3. Theoretical System Model

The convergence of passive signal acquisition and quantum-enhanced processing
enables a new imaging architecture—non-invasive, non-emissive, and structurally
high-resolution. While current prototypes remain conceptual or isolated to lab-scale
demonstrations, the individual components of such a system already exist. The purpose
of this section is to outline a modular architecture capable of passive spatial

reconstruction using ambient wireless signals and quantum-assisted computation.

3.1 Environmental Setup

The foundational condition for passive imaging is a signal-rich environment. This
includes:

* Residential or commercial buildings with dense Wi-Fi mesh networks

» Urban zones with overlapping GSM, 4G, and 5G coverage

* Environments with high multi-path propagation, which naturally generate reflection

patterns useful for spatial inference

Unlike radar, the system relies on no emission of its own. It instead monitors the
interference patterns, delays, attenuations, and phase shifts of ambient electromagnetic

fields already saturating the space.

An antenna array—ranging from fixed wall-mounted nodes to mobile drone-deployed
configurations—captures the raw data. The array does not need to be directional or
intrusive; even omnidirectional reception is sufficient when paired with intelligent

processing.
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3.2 Signal Conditioning and Quantum Correlation

Depending on the entanglement source and computational fidelity, the quantum

subsystem can operate in two distinct regimes:

* Simulated quantum acceleration, where classical hardware emulates quantum

behavior to approximate correlation gains

» True quantum-coherent processing, where qubits perform state-resolved calculations,

enabling superior reconstruction even in high-noise or weak-signal conditions
The key advantage lies in the speed and subtlety of quantum feature extraction:

* Small spatial deformations (e.g. a curtain moving, a person breathing) introduce

measurable signal distortions

* Quantum systems identify these distortions with higher fidelity than classical noise-

tolerant algorithms

* The result is a more stable, high-resolution spatial reconstruction, without requiring

visual lines of sight or motion prompts

3.3 Resolution Potential and Threat Surface

The practical performance of such a system depends on multiple variables:

» Signal density and diversity — More ambient signal types improve mapping

granularity
 Spatial placement and resolution of the antenna array
* Environmental stability — Lower motion/noise improves reconstruction fidelity
» Entanglement quality or quantum bit coherence time (in true quantum systems)
Simulations suggest that even modest quantum enhancements could achieve:
* Object-level identification in domestic spaces
* Body posture resolution in multi-person environments

* Dynamic changes tracking (e.g. someone picking up a phone or opening a drawer)
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But perhaps more concerning is the threat surface this system enables:

 Passive installation in homes, offices, or institutions using disguised hardware

» Zero-emission scanning of private environments from adjacent rooms or buildings
* No legal classification as “surveillance” in jurisdictions tied to optical definitions

In effect, this system turns existing signal infrastructure into a distributed imaging
platform—capable of producing detailed visual equivalents without consent, visibility,

or traceable activity.

In the next section, we assess how close we are to practical deployment, and what

technical and ethical milestones are next.

4. Experimental Pathways and Feasibility

While quantum-augmented passive imaging is not yet a commercial technology, its
building blocks are independently verifiable, and in some configurations, already
functional. The feasibility of real-world deployment rests not on speculative
breakthroughs, but on the integration and refinement of existing quantum algorithms,

passive RF sensing hardware, and high-fidelity modeling environments.

4.1 Proof-of-Concept Benchmarks

Several classical systems already demonstrate the core functionality of spatial

inference using ambient signals:

* MIT’s RF-Pose system (2018) used Wi-Fi signal reflections to reconstruct human

skeletal pose estimates through walls, using deep learning and commodity routers.

* CMU’s WiTrack system achieved 3D motion tracking with sub-meter resolution

using low-power radio frequency emissions.

* Research in RF tomography and CSI-based indoor localization has shown consistent

mapping of furniture and movement in dynamic, signal-rich spaces.
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These systems confirm that passive or semi-passive electromagnetic imaging is viable
—albeit at limited resolution and under carefully controlled conditions.

4.2 Quantum Acceleration Prototypes

Quantum illumination has been experimentally demonstrated for object detection under
high-noise conditions, most notably:

* The Shapiro—Lloyd protocol for quantum radar

* The use of entangled microwave photon pairs to perform low-photon imaging

through obscuring media

» Lab-scale quantum-enhanced LIDAR and radar systems which achieve performance

gains in detection probability and error reduction under thermal noise

Quantum algorithms for signal reconstruction and classification are also moving

beyond theory:

* Grover-based quantum search has been simulated for pattern detection in sparse

datasets

* Quantum Fourier Transform (QFT) architectures are being explored for phase-based

imaging enhancement

* Emerging work on quantum RF photonic imaging (2025, arXiv:2503.03075)

proposes integrated platforms combining quantum memory with passive RF capture

4.3 Hardware Maturity and Deployment Timeline
Three barriers remain to full deployment:
I. Quantum hardware miniaturization — Today’s systems are large, fragile, and

cryogenically cooled; however, solid-state room-temperature quantum sensors are

under active development

2. Real-time quantum-classical integration — Co-processing architectures that link
classical antenna arrays with quantum accelerators are being prototyped, but not

yet standardized
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3. Signal processing interoperability — Bridging CSI-format data into quantum-
compatible reconstruction remains a niche field, with early work in hybrid quantum

neural networks providing a partial pathway
Given current rates of progress, a feasible roadmap could look like this:
* 2026-2028: Full-room quantum-enhanced reconstructions under lab conditions
* 2028-2032: Portable or embedded versions in research and defense contexts

* 2032-2035: Covert deployment risk in consumer or institutional environments,

absent regulation

These projections do not assume unforeseen quantum leaps—only gradual scaling of

known principles. Nor they assume undisclosed military applications.

This sets the stage for the next section, where the legal and ethical vacuum surrounding
these technologies is examined. The question is no longer whether this is possible—but
whether society will recognize and regulate it before it is embedded silently into our

most private spaces.

5. Legal and Ethical Urgency: Imaging Beyond the Visible

The progression of passive imaging technologies into the quantum domain marks not
only a technical breakthrough, but a civilizational threshold. For the first time in
history, it is becoming possible to observe the interior of spaces with high resolution,
without cameras, emissions, or physical intrusion. The implications for privacy,

consent, governance, and human dignity are both profound and immediate.

5.1 The Collapse of Consent Visibility

Traditional surveillance mechanisms—CCTYV, drones, optical sensors—have one
common feature: they are visible, traceable, and intuitively understood. Their presence

invites social negotiation: signage, awareness, expectation of observation.
Quantum-augmented passive imaging systems invert this logic:
* No light or sound is emitted

» No physical object appears pointed or engaged
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* No legal definition of “camera” or “recording device” applies
* No biometric opt-out mechanism exists for electromagnetic field interaction

In legal terms, these systems do not yet exist in a category. In ethical terms, they
violate the foundational assumption of spatial privacy: that what happens in a private

room, behind walls, and without active consent, is beyond external scrutiny.

5.2 Regulatory Vacuum

Most legal frameworks that address surveillance and privacy are based on:

* Optical visibility (e.g., GDPR’s treatment of video footage)

+ Active data collection (e.g., consent for microphones, GPS, or smartphone tracking)
* Biometric processing (facial recognition, gait analysis, etc.)

Passive quantum imaging systems circumvent these categories. Current law does not

meaningfully restrict:

* The passive collection of signal reflections from shared EM environments (e.g., Wi-

Fi mesh in apartment complexes)

* The reconstruction of room interiors using commercially available radio-frequency

monitoring equipment
» The use of quantum-classical hybrid processors to amplify spatial data resolution

In short, the law (and the citizen) is not only behind—it is conceptually unequipped to

identify the harm.

5.3 Toward Spatial Rights and Electromagnetic Sovereignty

A new framework is needed. We propose the formal recognition of spatial
electromagnetic integrity—the right not just to control visible image capture, but to
shield the semantic structure of one’s physical environment from passive quantum

reconstruction.
Precedent exists in adjacent fields:

1. The legal concept of “reasonable expectation of privacy”
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2. Emerging concerns around brain-computer interface consent

3. Geofencing laws in drone regulation

4. Signal jamming restrictions in military/industrial zones

These principles can be adapted into enforceable protections for:

* Interior space rendering without consent

* Quantum-enabled ambient sensing in domestic, educational, or clinical environments

 Passive data fusion from multi-frequency public networks (Wi-Fi + GSM + 5G + [oT

mesh)
* The monitoring of frequency saturation to establish a measure of protection.

Such rights must be technically informed, proactively legislated, and transparently
enforced—before this imaging architecture becomes normalized, distributed, and

undetectable.

5.4 The Slippery Path of Dual-Use Technologies

Quantum imaging is not inherently malicious. It may revolutionize:

* Emergency search-and-rescue in collapsed structures

* Medical diagnostics via non-invasive spatial scans

* Secure architecture design and structural monitoring

But without preemptive legal scaffolding, these benefits may be overshadowed by:
» Corporate surveillance of in-home behavior for insurance or marketing

* Government use for dissident or activist mapping in private dwellings

* Massively scaled real-time behavioral monitoring in “smart cities”

The lesson of history is clear: technological power, once normalized without legal

restraint, is rarely returned to the governed.
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The question is not whether quantum imaging will be used.

It is whether it will be constrained—and by whom.

6. Deployment Vectors and the Return of Invisibility

The greatest danger of emerging technologies is not when they shock the public—
It’s when they arrive without being noticed.

Quantum-augmented passive imaging is such a technology.

It does not announce itself with wires, lenses, or drones.

It does not emit.

It listens.

And when paired with the ambient wireless infrastructure already saturating our

homes, cities, and devices, it creates a new class of vision:
Vision without proximity. Vision without light. Vision without permission.

This section outlines the most likely paths of deployment—not as distant speculation,

but as extrapolations from existing incentive structures.

6.1 Civilian and Commercial Domains

In the civilian world, imaging is sold as comfort:

* Smart homes that anticipate behavior based on real-time posture, body language, or

presence patterns

* Insurers offering discounts for homes that “monitor safety zones”—but in truth,

analyze movement, fatigue, and micro-behaviors

» Retailers and advertisers inferring emotional states or social routines from in-room

signal reflections
All of this can happen without a single visible sensor.

A wall, under this regime, becomes a thin visual suggestion, not a barrier.
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6.2 Governmental and Policing Functions

For state use, the temptation is far greater:
* Crowd mapping and behavioral profiling in “smart cities”

* Preemptive surveillance of gatherings, private homes, religious spaces, or suspected

safehouses

» Border control without checkpoints—scanning vehicles or luggage via ambient

backscatter

» Protest suppression, where interior spaces are preemptively scanned for bodies, heat

signatures, or conversational activity
This does not require authoritarian intent.

It only requires a tool without accountability, and a justification that sounds like safety.

6.3 Military and Intelligence Operations

No domain stands to gain more than defense and intelligence:

* Scanning foreign embassies, bunkers, or bases using the adversary’s own

communication infrastructure

» Seeing through smoke, concrete, or shielding using passive signal fields and quantum

enhancement

» Tracking individuals by their movement imprint through matter—real-time object-

level reconstruction, updated invisibly
In this application, walls offer no protection.

Even underground, a person can be rendered—not from within, but from what

surrounds them.
Quantum imaging does not need to be weaponized to become dangerous.
It only needs to become normalized.

And if this normalization happens before legal, architectural, and civic frameworks can

respond, we will have created the first truly post-consensual surveillance regime.
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We will not see the moment it arrives.

Because it will arrive seeing us.

7. How the System Sees: From Interference to Image

To understand the true implications of quantum-augmented passive imaging, one must

first understand how a space becomes visible without light.
This is not science fiction.
It is triangulation, correlation, and inference—executed at quantum scale.

Let us break it down.

7.1 Ambient Signals: The New lllumination Field

Every modern space is flooded with electromagnetic radiation.

Wi-Fi, 5G, GSM, Bluetooth, [oT protocols—all of these produce invisible, structured

fields that interact continuously with walls, bodies, objects, and air.

These signals reflect, diffract, and attenuate depending on what they encounter.
A body absorbs differently than a chair.

A hand in motion bends the signal differently than a standing figure.

Even subtle breathing patterns produce micro-Doppler effects.

This field of disturbance is not noise. It is data.

7.2 Triangulation Without Cameras

In a conventional camera system, depth is resolved through light rays and lenses.

In passive RF imaging, however, depth is inferred through time delay, phase shift, and

multi-path signal correlation.

If you place three or more antennas in a space, each one receives a slightly different

version of the same ambient signal.

By comparing:
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* When a signal arrives
* How its waveform has changed
* Where phase interference patterns emerge

...the system can reverse-engineer the signal’s journey—identifying what it hit, how

far it traveled, and how it scattered.

This is classical triangulation applied not to light, but to modulated fields.

7.3 Quantum Acceleration: Resolution Through Correlation

Now, add the quantum layer.
Quantum-enhanced systems process signal data with:
* Quantum Fourier Transforms (to resolve ultra-small frequency and phase deviations)

* Quantum-assisted sparse recovery (to reconstruct full spatial images from incomplete

or noisy inputs)

* Entangled correlation engines, where subtle relationships between reflected signal

packets are maintained and amplified

The result is a more sensitive, faster, and higher-resolution reconstruction—where even

faint or indirect reflections contribute meaningfully to the spatial model.

While classical systems require significant data and strong signal gradients, quantum

systems extract more from less.

This means:

* Higher imaging precision from fewer antennas
* Reconstruction in cluttered or dynamic spaces

* Reduced hardware footprint with increased semantic range
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7.4 The Final Model: Silent, Scalable, and Ubiquitous
A mature deployment would likely consist of:
* A triangular or tetrahedral antenna array, embedded in a wall, ceiling, or object

* A quantum co-processor, either local or cloud-linked, optimized for low-latency

inference

* A signal feed from ambient wireless infrastructure (e.g., nearby routers or cellular

towers)

* A non-visual output, reconstructing the environment in abstract spatial primitives—

convertible to heatmaps, silhouettes, object shapes, or behavioral analytics
* A van in front of the house with antennas capable of capturing signals
Importantly, this system would not “see” in the human sense.
It would map and interpret space using physics alone.
In that sense, it perceives more than the eye does:
* It does not blink
* It is not limited by walls
* It never forgets unless commanded to
It replaces the question “Who is watching me?”
With a deeper one:

“What in this space is listening to the waves I cannot feel—and building a world I

cannot see?”
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Conclusion

Quantum-augmented passive imaging is not a distant concept.

It is a near-term convergence—where ambient wireless fields, quantum computation,

and spatial modeling combine to make visibility independent of vision.
This paper has shown:

- How classical systems already reconstruct spatial layouts using Wi-Fi, GSM, and

radio interference

- How quantum technologies drastically enhance the resolution, speed, and subtlety of

that reconstruction

- How such systems can operate silently, legally undefined, and physically

undetectable

- And how their deployment across civilian, governmental, and military domains is

not hypothetical, but structurally inevitable in the absence of constraint

What makes this moment different is not the sophistication of the tools, but the

collapse of friction:

* No cameras to spot

* No emissions to trace

* No optics to regulate

* And no cultural awareness that one can now be seen without being looked at
The challenge before us is not technical.

The technology is already aligning.

The challenge is civic, legal, and architectural.

We must define:

* What it means to own the semantic space of a room
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* What constitutes a non-consensual reconstruction of one’s interior environment

* And how to design structural limits before the architecture of modern life becomes

post-private by default
If we fail to act, the shift will not be dramatic.
It will be silent.
Walls will still stand.
But they will no longer separate what is inside from what can be known.
And visibility will no longer depend on light—only on signal.
The future is not watching us.
It is already listening to the field that surrounds us.

And it is beginning to see.
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