Unified Wave Confinement Model (UWCM)

Benefits for Science and Industry
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The UWCM is a single, domain-independent recipe for shaping waves: any wave —
electromagnetic, acoustic, or seismic — can be focused inside a chosen region of space and a
chosen interval of time, concentrating energy where and when it is needed while reducing it
elsewhere. It wraps existing antenna, ultrasound, radar, seismic, and optical technologies in one
shared language and couples them to a physics-informed Al layer for faster, auditable learning.
The genuinely new contribution of Borrego is the unified space-time confinement principle itself
— a single, domain-independent law, not present in prior art, that treats focusing a wave inside a
chosen region of space AND a chosen interval of time as one canonical operation identical
across electromagnetic, acoustic, and seismic domains, so that an advance in one field transfers
directly to the others.

Benefits for Science

Unified space-time Introduces a previously non-existent, domain-independent law that

confinement principle unifies spatial and temporal wave confinement into one canonical
operation — making beamforming, time-reversal, metasurfaces, and
physics-informed learning instances of a single shared principle.

Wave physics & applied Unifies electromagnetic, acoustic, and elastodynamic wave control

mathematics under one space-time confinement formalism, so advances in one
domain transfer directly to others through a common mathematical
language.

Medical imaging & Sharper, faster focusing improves ultrasound, MRI, and

biophysics photo-acoustic imaging — finer spatial resolution, shorter scan times,
and focused-energy therapy concepts for non-invasive treatment
research.

Geophysics & Improved spatio-temporal sensing supports earlier earthquake and

seismology tsunami detection and more accurate, less invasive subsurface and

seismic exploration.
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Physics-informed Embeds wave physics as a prior for Al, letting models learn faster
machine learning with less data and in an interpretable, auditable way — advancing
trustworthy scientific ML.

Photonics & optics A unified framework for shaping light supports research into adaptive
optics, holography, and distortion-free projection across surfaces
and media.

Benefits for Industry

Telecommunications & Energy-efficient beam focusing via phased arrays and reconfigurable
5G/6G intelligent surfaces extends coverage to remote and obstructed
areas while reducing wasted transmit power.

Automotive & More precise radar and acoustic sensing distinguishes pedestrians
autonomous mobility from clutter in rain or fog, reducing accidents and improving sensor
reliability for ADAS and autonomy.

Healthcare devices & Better focusing upgrades existing ultrasound and hearing-assistance
accessibility hardware without replacement, and enables noise-isolating,
voice-focused devices for accessibility.

Infrastructure & Confined-wave vibration sensing detects cracks and fatigue in
structural monitoring bridges, buildings, and dams early, enabling predictive maintenance
and collapse prevention.

Energy, displays & Smarter, smaller optics reduce manufacturing waste and power use
sustainability in displays and lighting, and improve sonar/seismic exploration with
lower environmental impact.

Aerospace, defense & A shared confinement framework benefits radar, satellite Earth
space observation through clouds, secure directional communications, and
space-situational sensing.

Benefits in 10 Years and Beyond — with Al and Emerging Technologies

Planetary Al A global mesh of confined-wave sensors fused by Al could forecast
early-warning network earthquakes, tsunamis, eruptions, and floods days or weeks ahead,
giving communities time to prepare and evacuate calmly.

Non-invasive precision Al-guided wave focusing could find tumors smaller than a grain of

medicine rice, perform surgery without opening the skin, and treat neurological
disorders with focused energy instead of medication.
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Universal adaptive Intelligent surfaces and satellites continuously reshaping signals
connectivity could deliver stable, fast internet to every village, ship, and aircraft on
Earth, even inside tunnels and deep valleys.

Holographic and Life-size real holograms, all-day lightweight AR, and displays that
immersive experiences show different content to each viewer could transform classrooms,
healthcare training, and remote collaboration.

Self-protecting smart Buildings, bridges, and roads that sense themselves continuously
infrastructure could warn of damage years before collapse, schedule their own
repairs, and survive disasters that today destroy neighborhoods.

Sustainable oceans and Precision sensing could let fishing and exploration target only what is

clean industry needed while protecting marine life, and cut the energy and carbon
footprint of a global visual and sensing infrastructure.
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