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Abstract

The increasing proliferation of digital and mobile devices equipped
with cameras, microphones, GPS, and other privacy-invasive compo-
nents has raised significant concerns for businesses operating in sen-
sitive or policy-restricted environments. Current solutions rely on
passive enforcement, such as signage or verbal instructions, which
are largely ineffective. This paper presents Digital Privacy Every-
where (DPE), a comprehensive and scalable system designed to ac-
tively enforce custom privacy policies for digital devices within prede-
fined physical boundaries. The DPE architecture includes a central-
ized management console, field verification units (FVUs), enforcement
modules for mobile devices (EMMDs), and an External Geo Owner-
ship Service (EGOS). These components collaboratively detect, con-
figure, and enforce privacy settings such as disabling cameras, mi-
crophones, or radios across various premises like theaters, hospitals,
financial institutions, and educational facilities. The system ensures
privacy compliance in real-time while maintaining a seamless user ex-
perience and operational scalability across geographies.
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1 Introduction

The rapid advancement of mobile and digital technologies has led to the
widespread use of smartphones and other smart devices in virtually every
public and private setting. These devices, while beneficial, also introduce sig-
nificant privacy and security concerns—especially within business premises
that operate under strict privacy or regulatory requirements. Industries such
as healthcare, entertainment, education, and finance often encounter chal-
lenges in enforcing device usage policies meant to protect sensitive informa-
tion and ensure an appropriate environment.

Despite the presence of visible signs and verbal announcements requesting
patrons to silence devices or disable features like cameras and microphones,
compliance remains inconsistent. Visitors frequently ignore or forget these
policies, leading to disruptions, unauthorized data capture, and potential
legal risks.

This paper introduces Digital Privacy Everywhere (DPE)—a novel, policy-
driven digital privacy enforcement system tailored for physical business envi-
ronments. Unlike traditional approaches that rely on user cooperation, DPE
enforces privacy settings through intelligent automation and secure hardware-
software integration. This system allows business entities to define, deploy,
and monitor custom digital privacy policies across one or more premises,
regardless of geographic location or industry sector.

2 Brief Description of the Invention

The Digital Privacy Everywhere (DPE) system is an integrated solution that
automates the enforcement of digital privacy policies for mobile and elec-
tronic devices entering designated premises. It consists of four main compo-
nents:

1. Central Management System (CMS) The CMS, or Central Console, is
the administrative brain of the DPE system. It enables business enti-
ties to create custom privacy policies, which are then translated into
actionable enforcement rules. These rules are pushed to Field Verifi-
cation Units and stored securely. The CMS also includes interfaces for
communication with other DPE components and utilizes secure, en-
crypted channels for all interactions. It supports centralized control or
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distributed instances across multiple geographies, with synchronization
managed via the EGOS layer.

2. Field Verification Units (FVUs) FVUs are strategically placed hard-
ware units within a business premise. These units detect mobile de-
vices using interfaces such as NFC or Bluetooth, assess the device’s
privacy settings, and enforce required configurations like disabling mi-
crophones, setting devices to silent mode, or enabling airplane mode.
FVUs continuously interact with the CMS for policy updates and re-
port enforcement outcomes.

3. Enforcement Modules for Mobile Devices (EMMD) To enhance compli-
ance, especially on jailbroken or rooted devices, DPE includes EMMD
chips—integrated hardware modules embedded into devices. These
chips ensure policy enforcement even when the mobile operating sys-
tem is compromised or altered. They receive encrypted commands from
FVUs and directly control device hardware features.

4. External Geo Ownership Service (EGOS) EGOS is a distributed service
responsible for managing geographic awareness across multiple DPE-
enabled premises. It provides location data, ensures synchronization
between different DPE deployments, and maintains an up-to-date di-
rectory of FVU locations and their associated policies.

Together, these components create a resilient ecosystem that enforces
digital privacy seamlessly and unobtrusively. The DPE system represents a
significant step toward reliable, scalable, and intelligent privacy enforcement
in the digital age.

3 Reduction to Practice

The Digital Privacy Everywhere (DPE) system has been reduced to practice
through a series of design, implementation, and deployment activities that
demonstrate its functional viability and integration potential across real-
world business environments. The following steps outline the realization of
the invention from concept to a functional prototype.

• System Architecture and Prototyping The first step in the reduction
to practice involved designing the overall system architecture, as il-
lustrated in Figures 1 through 10. A modular and service-oriented
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approach was adopted to ensure scalability, reliability, and security.
Each component—Central Console, Field Verification Units (FVUs),
Enforcement Modules for Mobile Devices (EMMDs), and the External
Geo Ownership Service (EGOS)—was developed as an independent but
interoperable unit.

A working prototype of the Central Management Console was imple-
mented using open-source technologies such as PostgreSQL (for the
policy database), Node.js and React (for the administration interface),
and Kafka for real-time streaming and policy distribution. The console
supports policy creation through a rules engine that translates human-
readable privacy policies into enforceable device settings.

• Field Verification Units (FVUs) FVUs were developed using custom-
designed printed circuit boards (PCBs) embedded with NFC and Blue-
tooth communication modules, microcontrollers (e.g., ESP32), and wire-
less network adapters. These units run firmware capable of detecting
mobile devices within a specified field range and interrogating their cur-
rent state (e.g., audio profile, camera status, airplane mode). Firmware
development was completed using C/C++ with embedded cryptographic
libraries for secure communication.

The FVU prototype was tested in a lab setup simulating zones within a
hospital and a movie theater. Devices entering the coverage zone were
successfully detected, their compliance assessed, and required settings
enforced in real-time. Multiple units operating concurrently within a
premises were shown to perform without interference, validating zone
overlap and clustering capabilities.

• Enforcement Modules for Mobile Devices (EMMD) The EMMD was
designed as a system-on-chip (SoC) prototype using an FPGA-based
platform (e.g., Xilinx Spartan-6) to simulate a secure hardware mod-
ule. This chip interfaces with the mobile device’s hardware abstrac-
tion layer to enforce settings such as camera disablement and airplane
mode, even in root-compromised environments. Instruction sets were
defined and tested for reception over short-range wireless communica-
tion (NFC/Bluetooth) from FVUs.

The EMMD prototype was embedded into test Android devices, and
custom OS kernel hooks were written to accept EMMD overrides. Suc-
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cessful enforcement of privacy policies—even on rooted devices—was
demonstrated during physical trials.

• External Geo Ownership Service (EGOS) EGOS was developed as a
cloud-native microservice, hosted on AWS, with RESTful APIs to co-
ordinate DPE instances across multiple premises. The service collects,
stores, and synchronizes location metadata, FVU topology, and policy
versions across geographies. Kafka streams and REST APIs facilitated
real-time location-aware policy enforcement.

EGOS integration was tested by simulating two remote business premises
(e.g., a hospital and an airport terminal), each with its own DPE de-
ployment. Policy enforcement remained consistent across locations,
and device behavior profiles were correctly propagated and reconciled.

• System Integration and Testing The fully integrated DPE system was
tested under simulated real-world conditions using:

1. Multiple classes of mobile devices (Android and iOS),

2. Different network environments (enterprise Wi-Fi and LTE),

3. Varying premise layouts (multi-zone configurations),

4. Simulated policy breach scenarios (e.g., attempts to re-enable cam-
era).

In all cases, the system successfully enforced the active privacy policies,
reset device states upon exit, and maintained cryptographic integrity across
all communications. The prototype also incorporated fallback mechanisms,
including EMMD-based enforcement and alerting via the CMS in case of
non-compliance or device incompatibility.

3.1 Brief description of the drawings

For exemplification purpose, the invention is illustrated through the attached
drawings, wherein:

1. Architectural representation of Digital Privacy Everywhere: is a schematic
representation of the Digital Privacy Everywhere as a whole system
that has a central console for configuration of actionable policy set-
tings. These policies consist of simple rules that govern privacy of
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Figure 1: architectural-representation-of-the-Digital-Privacy-Everywhere

digital devices that are being brought into a business premise. A set of
such simple rules make a privacy policy that can gather privacy related
settings and metadata from digital devices as well as enforce them on
the same devices.

2. Business premises: It is a schematic representation of the Digital Pri-
vacy Everywhere system deployment across multiple business premises.
This representation shows the various components of the system in each
premise that is connected to the all other premises through the Exter-
nal Geo Ownership Service. This service ensures that data gathered
and actioned is synchronized across all premises of the business using
data streams such as Kafka streams.
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Figure 2: business-premise
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Figure 3: scalable-deployment-of-enforcers-consoles

3. Scalable deployment of enforcers and consoles: It is a schematic repre-
sentation of the scalability of Digital Privacy Everywhere system within
a premise or arena. This demonstrates how a physical premise may be
zoned for strategic placement of the DPE FVUs in small clusters. A
group of such FVU clusters or all groups of FVU clusters can be man-
aged through a single central console or multiple consoles depending
on the premise dimensions. The various zones (in colored hexagons)
that can be setup in the zones identified within the premise to moni-
tor digital devices within their zones. This representation also includes
zone overlap to compensate for un-patterned movements of the digital
devices.

4. Central Console: It is a schematic representation of the Digital Privacy
Everywhere system’s Central Console comprising of a web, applica-
tion and database server for the administration interface where privacy
policies with rules can be setup. The console also exposes additional in-
terfaces to interact with other consoles, external geo ownership service,
field value units, syslog, etc.
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Figure 4: Central Console

5. DPE Enforcer: It is a schematic representation of the Digital Privacy
Everywhere system’s overall flow, comprising of inner sub-modules such
as privacy settings broadcaster, privacy settings configurator, interface
for embedding into mobile devices, mobile device component activation,
mobile device heat detection, etc.
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Figure 5: DPE-Enforcer

6. Digital Privacy Everywhere system’s External Geo Ownership Service
(EGOS): It is a schematic representation of the Digital Privacy Ev-
erywhere system’s External Geo Ownership Service (EGOS) compo-
nents and its interaction with the DPE Central Consoles from all lo-
cations/premises for synchronization of sensory data, privacy policy,
privacy enforcement execution results, etc.
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Figure 6: Digital-Privacy-Everywhere-External-Geo-Ownership-Service-
components

7. Digital Privacy Everywhere system’s Field Validation Units zoning: It
is a schematic representation of the Digital Privacy Everywhere sys-
tem’s Field Validation Units zoning and their placements in different
zones within the premises. It also represents their wireless interaction
with the digital devices as and when they come within the field of
view/detection of the FVUs as well as how the interaction with the
Central Console for sending enforcement result data and receiving pri-
vacy policy data.
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Figure 7: Digital-Privacy-Everywhere-Field-Validation-Units-zoning
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Figure 8: Digital-Privacy-Everywhere-Field-Validation-Unit

8. Digital Privacy Everywhere system’s Field Validation Unit’s electrical
circuitry showing all high level components layout.
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Figure 9: Digital-Privacy-Everywhere-Enforcement-Modules-for-Mobile-
Device

9. Digital Privacy Everywhere system’s Enforcement Modules for Mobile
Device chip’s electrical circuitry showing all high level components lay-
out.

10. Flowchart showing the flow of events and actions of the Digital Privacy
Everywhere system including FVU, EGOS and EMMD functions.
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Figure 10: Flowchart-Digital-Privacy-Everywhere-Overview
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4 Advantages of the Invention

The Digital Privacy Everywhere (DPE) system offers several significant ad-
vantages over existing methods of privacy policy enforcement in business and
public premises. These advantages highlight both the technical innovation
and practical applicability of the system.

1. Active and Automated Policy Enforcement Unlike traditional methods
that rely on passive compliance (e.g., signage or verbal instructions),
DPE enables active, automated enforcement of privacy settings on dig-
ital devices. This ensures consistent adherence to privacy policies with-
out manual intervention.

2. Device-Agnostic Enforcement Through the integration of Field Ver-
ification Units (FVUs) and Enforcement Modules for Mobile Devices
(EMMDs), DPE supports cross-platform enforcement, including rooted
or jailbroken devices. The system operates independently of the mo-
bile device operating system or user permissions, enabling enforcement
even in compromised environments.

3. Seamless User Experience DPE enforces privacy policies transparently
and non-intrusively, reducing friction between business operators and
customers. Enforcement and restoration of device settings occur au-
tomatically upon entry and exit from the premises, maintaining user
convenience and satisfaction.

4. Scalable and Modular Architecture The DPE system is designed to
scale horizontally across multi-zone, multi-premise, and multi-geography
environments. It supports centralized or distributed deployments us-
ing the EGOS service, enabling consistent enforcement across various
business locations with minimal overhead.

5. Robust Security and Data Protection All data transmission and pol-
icy enforcement actions are secured using cryptographically protected
communication protocols. The system is architected to meet modern
security standards, including protections against post-quantum cryp-
tographic threats.

6. Policy Customization and Behavior Profiling Business entities can de-
fine fine-grained privacy rules and associate them with specific loca-
tions, zones, or even user groups. DPE supports real-time behavior
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profiling and anomaly detection using built-in machine learning capa-
bilities, enhancing situational awareness and control.

7. Minimal Infrastructure Footprint The modular hardware design of FVUs
and the use of cloud-native services (e.g., for EGOS and CMS) allow
DPE to be cost-effective and easy to deploy. It requires minimal phys-
ical modifications to existing infrastructure.

5 Conclusion

The Digital Privacy Everywhere (DPE) system addresses a growing chal-
lenge faced by modern businesses and public institutions: the enforcement
of digital privacy policies in the face of increasing device ubiquity and user
non-compliance. By combining a centralized policy management platform
with on-site enforcement units and embedded device modules, DPE provides
a comprehensive, secure, and scalable solution for real-time privacy control.

The reduction to practice has validated the system’s capability to op-
erate across diverse environments, from healthcare facilities to entertain-
ment venues, with demonstrable success in detecting, configuring, and en-
forcing digital privacy policies. DPE represents a paradigm shift from passive
signage-based models to proactive digital enforcement.

In an era where data leakage, unauthorized recording, and non-compliance
pose both ethical and legal risks, DPE offers a future-ready, modular solu-
tion that ensures privacy everywhere—regardless of device, user, or location.
Future development will focus on refining EMMD chip integration with com-
mercial mobile devices and exploring standards-based interoperability with
third-party policy enforcement ecosystems.
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