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Executive Summary

This deliverableResults of the Market Analysipresents the market analysis conducted
within the HOLDEN project to evaluate the commercialization potential of the RF sensing
technologies developed across the project work packages. The assessment focuses on three
application scenarios identified in 3la6.3: (i) RF holography for people and object detection,

(i) RF sensing for eldertare monitoring, and (iii) RF sensiigabled interaction for Smart

TV ecosystems. The analysis was performed through a structured framework combining
technological asssment, market validation, competitive positioning, businesslel
definition, and financial sustainability evaluation.

The results indicate that HOLDEN technologies address emerging market needs related to
privacypreserving sensing, necontact monitoring, intelligent infrastructure, and device

free environmental awareness. Across the investigated application domainsDENOL
solutions provide a differentiated value proposition compared with conventional camera
based, wearable, or otherwise intrusive sensing approaches. In particular, RF sensing enables
passive and notine-of-sight monitoring capabilities while supportifgdden deployment
architectures and reduced privacy exposure.

Within people and object detection application scenario, RF holography demonstrates strong
potential for privacyaware monitoring and situationawareness solutions in environments
such as airports, museums, and other secusiysitive facilities. The alysis identifies
intelligent infrastructure protection and privaayiented monitoring as relevant drivers for
early market adoption.

In the elderlycare domain, the proposed commercialization strategy leverages existing
broadband and WFi infrastructures by integrating RF sensing functionalities directly into
residential gateways and connectédme ecosystems. This approach enablesatda and
norrinvasive monitoring solutions without requiring dedicated healthcare hardware or
wearable devices.

Within Smart TV ecosystem, RF sensing enables gesture recognitionpresence
detection, and contexaware interaction capabilities aligned with the evolution of smart
home platforms and nexgieneration humarmachine interfaces.

The business and financial assessment indicates that the proposed commercialization
pathways can achieve attractive lotgym scalability through licensiagriented business
models, recurring software revenues, and strategic ecosystem partnerships. Tigsisuaéso
highlights the advantages of infrastructure reuse and embedded software integration, which
significantly reduce capital intensity compared with traditional hardwegatric deployment
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models. Industrial benchmarking activities and stakeholder interactions involving
organizations such as Netgear, Nokia, Google, Gemtek, Askey, Vodafone, TIM, Charter
Communications, Samsung Electronics, Qualcomm, MediaTek, Bosch, and Thales contributed
to validating assumptions related to deployment economics, operational costs,
interoperability requirements, maintenance models, procurement dynamics, and
commercialization timelines.

The proposed markegntry strategies follow phased commercialization roadmaps centered
on pilot deployments, interoperability validation, selective ecosystem partnerships, and
progressive scaling activities aimed at reducing technical and operationalliiskgroposed
exploitation pathways provide realistic and economically sustainable routes toward
commercialization while remaining aligned with the ethical and priy@egerving principles
underpinning the HOLDEN project.

Overall, the market analysis confirms that HOLDEN technologies possess strong commercial
potential across multiple higgrowth sectors characterized by increasing demand for
privacypreserving sensing, intelligent infrastructure monitoring, and embedded
environmental intelligence.
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1. Introduction

1.1. About HOLDEN

The ubiquitous perception by sensing of objects, subjects, and gestures is a pivotal challenge
for future technology: it enables personalized services such as smart living, automated
logistics, or interaction through fregpace gestures. However, it aldzallenges ethical and

moral boundaries and threatens privacy. HOLDEN proposes a radically new approach to RF
based perception by concisely analyzing ethical constraints and privacy risks while re
thinking RFbased sensing. We establish necessary conditfongrivacy preserving and
ethically compliant sensing and develop new paradigms respecting these constraints.

For the first time ever, HOLDEN constitutes a concentrated effort to explore social aspects
of RFsensing to guide technological advance, and to derive technology for ethically and
privacy compliant perception. The development of ethical and privacy aingiris central

to HOLDEN. We use these findings to derive privaay ethically compliant concepts for
RFbased perception. We will develop a system of distributed raritenna devices for
simultaneous multitarget recognition and ubiquitous perceptionith unprecedented
accuracy, which constitutes a radical paradigm shift from a technategiric perspective

to a privacycentric one via a privaeyy-design approach.

HOLDEN achieves this goal along three high risk, complementary, and {oevacy paths:

Path 1: Continuouspace measurement points: Radhased 3D vision by holographic image
processing of RF wavefronts.

Path 2: Discretspace measurement points: Advanced 3D beamforming for huscafe
recognition and tracking through dense, massive, and connected antenna arrays.

Path 3: Signal processing and learning: Highensional tensor processing for the distinction
of complex activities and motion from massiggnensional RF data. The resulting
breakthrough approaches and algorithms will be compared against applidatien
benchmarks via usage scenarios in the fields of logistics, smart living, arapfee.

1.2. Partners

The consortium consists of four academic partners and a-teighh SME partner: (a) Aalto
University (AALTO), Finland, (b) Technical University of Munich (TUM), Germany, (c)
Consiglio Nazionale Ricerche (CNR), with third party Politecnico di Milano (RQali)d)
University of Twente (TWE), Netherlands, and (e) Adant (Adant), Italy. This consortium
features the specialized and complementary expertise required to achieve project
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objectives. AALTO will be responsible for the project management (WP1), covered by an
experienced and dedicated project manager. Ethical aspects (WP2) will be addressed by TWE
(Prof. Ciano Aydin) who is a pioneer in the field. TUM pioneered RF hologrdpbly makes

TUM (Prof. Thomas Eibert) the ideal leader of WP3. In advanced distributed signal and
information processing, CNR has through Prof. Stefano Savazzi more than 14 years of
experience. CNR will lead WP4. Since more than 10 years, AALTO isaeiilie sensing

and machine learning based activity recognition. This expertise makes AALTO (Prof. Sigg) the
ideal leader of WP5. Adant (Daniele Piazza) will contribute to the market analysis and
application exploitation (WP6). Led by AALTO, disseminatiinthe website as one the

media will be addressed by all partners. All academic partners are committed to early
publication of results, e.g., via arXiv (open science).
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2. Innovations and Application Scenarios

2.1. Innovations in Holden

The HOLDEN project develops three core RF sensing innovations, each investigated within a
dedicated work package: WP3 (Static Holography), WP4 (Dynamic Holography) and WP5
(Gesture Recognition). These innovations provide a tiered set of capabilitiesygengn

the detection and localization of static objects and individuals to-tiea monitoring of

human movement and activity, and finally to interactive control of systems through gestures.
Together, they illustrate the versatility and transformative tgratial of RF sensing,
supporting applications across security, assisted living, industrial monitoring, smart living,
and interactive environments, while embedding privacy, ethical, and social considerations
from the outset.

2.1.1.Static Holography

Static holography captures images of static objects and individuals within a fixed
SYGANRYYSYyl o6& tS@OSNIIAYyIT FYOoASYyld wC o @Sa
scanners that rely on actively emitted signals, static holography reconstructs scengs usi
algorithms such as bagkojection or linearized inverse source solving, leveraging the stray
fields generated by existing radio sources likeRiMiouters, without the need for machine
learning. Technology can operate through walls and in completendag detecting
conductive objects more easily than dampening materials. While-tagblution imaging
requires longer processing times, changes between scenes are often easier to identify than
interpreting a single snapshot. Applications include body inggnetallic object detection,

and precise mapping and localization, offering +ioinusive sensing that minimizes
exposure of sensitive information and preserves privacy by design.

2.1.2.Dynamic Holography

Dynamic holography builds upon static capabilities to monitor and analyze movements,
activities, and environmental changes in real time. It integrate$-Mdased localization and
people counting with machine learning algorithms for activity recognititamagwith 2D and

3D imaging that may require dedicated RF emitters and receivers. This system functions
effectively through walls and in lowisibility conditions, enabling robust monitoring of
multiple targets simultaneously. It supports applications sasBecurity surveillance, elderly
care, and industrial process monitoring, while ensuring that ethical, social, and privacy
considerations guide both deployment and data handling.
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2.1.3.Gesture Recognition

Gesture recognition extends the technology to interactive applications, allowing users to
control devices and systems through hand or body movements. The system extracts spatial
and temporal features from point clouds and interprets them with machine legrn
algorithms to distinguish gestures across varying lighting conditions, angles, and movement
speeds. Gesture recognition is suitable for smart home appliances, VR/AR systems,
interactive services, and industrial or public environments. Because pout<ioay contain
sensitive information, privacy and ethical principles are embedded from the design phase,
ensuring user autonomy, control, and respect for social and interpersonal boundaries.

2.2.From Innovations to Application Scenarios

Since it was not possible to conduct a full market analysis and exploitation plan for all initially
proposed applications, a selection of the most relevant ones was carried out based on
defined criteria (see Deliverable D6.3). Selected examples inclydetdéction of people or
objects in restricted areas, addressing critical surveillance and security needs; (ii) assisted
living scenarios, enabling remote monitoring of older or vulnerable individuals through the
assessment of daily activities, falls, ammesence, thereby supporting healthcare
professionals and improving quality of life; and (iii) consumer applications, where gesture
based interaction for smart devices (e.g. TVs, home appliances, gaming) enhances usability,
reduces reliance on touch intextes, and enables energgving features such as presence
based activation.

The identification of optimal applications for each Holden innovation, along with the
definition of design requirements, was carried out a structured Moliteria Decision
Analysis (MCDA). This approach enabled the evaluation of applications in tedeasibility,
innovation potential, and market impact [1] [2]. The evaluation process ensured inclusivity
by involving all partners through a transparent scoring system. Clear criteria and
corresponding weights were defined prior to scoring. Despite betiag @arly development
stage, the selected application scenarios show strong potential forwedt impact. A
balanced set of criteria (covering technical, market, ethical, and social aspects) allowed
applications to be ranked according to feasibilitydgotential.

The main criteria considered were:

Innovation: including novelty, stage of development, and market impact;

- Complexity: including autonomy, scalability, integrability, and deployability;

- Economics: including total cost of ownership, required public funding, and
investment appeal;

- Privacy and Ethics, assessing potential impacts on individual and societal rights;

- Legal, evaluating compliance with applicable regulations;
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- Lab Reproducibility, assessing the ability to replicate results across partner
laboratories.

As described in Deliverable D6.3, each selected application scenario is further detailed in
terms of context, target users, system architecture, data flow, and key operational
processes.

2.3. Application scenarios
2.3.1.People and Object Detectigrinnovation 1

RF sensing technology based on static holography provides dnwasive and reliable
method for detecting the presence of people and objects. By leveraging radio waves, it
enables the identification of individuals or items even when they are not direisilyle, such
as when they are obscured by obstacles or located behind barriers. This capability introduces
a robust and complementary monitoring approach that enhances the effectiveness of
traditional  surveillance  systems.  More
specifically, RF sensingnche positioned as an
infrastructurebased, devicdree spatial
security layer, capable of detecting presence,
movement, and behavioral anomalies in
dB environments where conventional technologies
reach their limits. Traditional security systems,
including CTV cameras and motion sensors, are
10 widely deployed but exhibit inherent
15 constraints. CCTV systems rely on clear lines of
sight and are therefore vulnerable to occlusions
caused by walls, furniture, or other objects, as
well as poor lighting conditions oretiberate
i " s 30 avoidance. Motion sensors, on the other hand,
i typically provide only binary detection, struggle
to identify slow or subtle movements, and are often prone to false alarms triggered by
environmental variations such as temperature fluctuations.

z inm

2.3.2.Elderly Care Innovation 2

Providing effective care for elderly individuals presents unique challenges that require
personalized, adaptive, and continuously evolving strategies [1]. Achieving holistic support
necessitates integrating modern technologies and professional serviggsrote physical,
emotional, and social webeing. Recent advancements in Information and Communication
Technologies (ICT) are setting the stage for innovative and transformative progress in a way
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Frequency (RF) sensing technology embedded in loT aréiaiabled devices has the
potential to emerge as a game changer. This technology provides-envasive, conhuous
monitoring solution, capable of tracking vital signs such as heart rate, breathing frequency,
body movement, and location, all without the need for physical contact or wearable devices.

This continuous data stream enables rgale health
monitoring, including activity tracking, mobilit

assistance, heartbeat analysis, and cognitive beha

monitoring. Additionally, local data analysis, such @ ‘ '
fall detection or identifying irregular hetbeats, is h
facilitated by edge processing within connectivi B
devices. This capability allows for instant alerts 7

secondary users or emergency services when neec

actionable insights, allowing for a deepe L

understanding of the elderly's needs and fostering a

more proactive, tailored approach to care. Furthermore, these features empower family
members and caregivers to respond swiftly and effectively when immediate intervention is
needed.

Besides, RF sensing technology offers caregi

2.3.3.Smart T\ Innovation 3

In the evolving landscape of home entertainment, Smart TVs have become integral to the
connected home ecosystem, driven by advancements krMgbnnectivity and diversified
media content. Beyond delivering enhanced audigual experiences, they increagin
function as interactive hubs for IoT
technologies, enabling information access, user
interaction, and smart home control. As Smart
TVs evolve into central control units of digital
living, the next frontier lies in enabling more
natural and seamless t@raction. RF sensing
technology plays a key role in this transition by
allowing devices to sense and respond to users
S . without direct physical input. By recognizing

' and interpreting physical movements, RF
sensing enables advanced personalization
while maintaining a contactless user experience. This technology opens new possibilities for
gesturebased control, user presence detection, and even health and wellness monitoring.

G = /
Filp Thumb up MNavigation Grab
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Its integration into Smart TVs represents a significant step forward, introducing intuitive,
norrintrusive interaction methods that enhance usability and redefine the user experience.

2.4. Market Analysis and Exploitation Plan Framework

The market analysis and exploitation plan follows a nsitige framework designed to move
from highlevel environment scanning to granular entry strategies.

Table 1¢ Market Analysis and Exploitation Plan Framework

Framework Component Key Activities Expected Outcomes
Strategic Environment | SWOT Analysis Comprehensive understanding of
internal/external factors.
Market Dynamics Size, Growth, & Datadriven insights into viability and
Segmentation regional profiles.
Value Proposition Needs, Trends, & | Identification of market drivers and
Use Cases viable B2B/B2C applications.
Competitive Positioning Competitive Differentiation strategy and key sellin
Advantage points.
Commercialization Entry Barriers & Mitigation of obstacles and financial
Economics feasibility assessments.
Strategic Execution Marketing & Entry | A definitive roadmap for successful
Strategy market entry and growth.
Business Model Business Model A holistic blueprint for value creation,
Synthesis Canvas (BMC) delivery, and capture across the
ecosystem.

This framework allows the project to map how technological innovation translates into
scalable service revenue, ultimately reaching-esérs through enhanced, privadyst, and
frictionless interactions. Value is typically created through seamless témipmantegration

and captured via enhanced user experiences and downstream services. Within this
evaluation, the Business Model Canvas (BMC) is utilized to visualize, design, and pivot
business models as needed.
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detailed mapping of the value chain and both B2B and B2C flows. This involves analyzing the
interactions between the relevant key players of the ecosystems: TechnolqupliSs,

Solution Providers, Valugdded Service Providers, Intermediaries and Final Customers (End
Users).

2.5. Economic sustainability of the market analysis

The economic evaluation of the overall analysis considered a diversified revenue mix,
including hardware integration, licensing models, recurring software revenues, and long
term service monetization. Importantly, the data and assumptions used for pricing
structures, operational costs, and scalability assessments were not derived exclusively from
theoretical market estimates. They were further validated through direct industrial
interactions and commercial exchanges with stakeholders operating across dbal gl
connectivity, consumer electronics, and infrastructsecurity ecosystems.

These interactions involved wireless infrastructure vendorsFiMouter manufacturers,
broadband operators, Smart TV ecosystem providers, semiconductor vendors, and security
system integrators, including companies such as NETGEAR, Nokia, Google, Gsketek,
Charter Communications, TIM, Vodafone, Samsung Electronics, Qualcomm, MediaTek,
Bosch, and Thales. Insights gathered from these stakeholders contributed to validating:

- realistic hardware integration and licensing costs;

- service pricing benchmarks and recurring revenue structures;

- operational deployment and maintenance assumptions;

- procurement and commercialization models across B2B and B2C channels;

- scalability constraints associated with integration into existing connectivity and
infrastructure ecosystems.
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3. Market Analysisg Object/People Detection

3.1.SWOT Analysis

The aim of this assessment is to evaluate the potential of RF sensing technology (specifically
static holographybased RF imaging) for people and object detection in seeseigitive and

public / semipublic spaces environments such as museums, aispant other restricted

areas of environments where security and privacy are fundamental and where light, space,
and other environmental or infrastructural features reduce the effectiveness of more
traditional technologies such as cameras or other typesenfsors. By combining scientific
literature, industry reports, and market data, the SWOT analysis identifies the key strengths,
weaknesses, opportunities, and threats associated with this emerging sensing paradigm.
Unlike conventional RF sensing approachsgatic holography reconstructs spatial
information from ambient radio signals, and this enables priv@a®gerving, norinvasive,

and infrastructurelight monitoring.

Strengths

Opportunities

= Non-Line-of-Sight (NLOS) Detection Capability: objects
and individuals behind walls or obstacles.

= Privacy-by-Design Monitoring: RF sensing increases
level of privacy by avoiding visual data capture.

= Tamper-resistant and unobtrusive, a key advantage in
high-security zones.

= Detection of Static and Concealed Objects.

= Leverages Existing RF Infrastructure (es. Wi-Fi).

= Lower Spatial Resolution compared to optical svsten.?

= Processing Latency could make the system less
suitable for real-time threat detection.

= Sensitivity to Environmental Changes (e.g., furniture
movements, multipath reflections) can reduce
reconstruction accuracy.

= Higher Initial Investment Costs compared to standard
surveillance systems due to specialized RF hardware.

= Limited Industry Standardization: technology is still an
emerging approach with limited commercial maturity.

= Growing Global Security & Surveillance Market: RF
sensing can capture niche segments.

= Demand for Privacy-Preserving Technologies:
Increasing regulatory pressure (e.g. GDPR in Europe).

= Expansion in Critical Infrastructure Protection.

= Limitations of Existing Technologies that require line-
of-sight and is vulnerable to occlusion.

= Grow of Smart Infrastructure and loT ecosystems.

= Complementary to existing surveillance technologie@Use in High-Security, Low-Visibility Environments.

Threats

Market Adoption Barriers: Conservative sectors may
be slow to adopt emerging technologies.

= Alternative RF Sensing technologies may offer higher
precision or faster response times.

= Regulatory and Spectrum Constraints: RF-based
systems must comply with EM exposure limits.

= Cybersecurity Risks: As part of loT ecosystems, RF
sensing systems are exposed to cyber threats.

= Performance Perception Risk: Lower resolution and
non-real-time operation.

Figure 1¢ SWOT Matrix for RF Static Holography in the Surveillance and Security Market

3.1.1.Strengths

RF sensing based on static holography provides several distinctive advantages compared to
conventional surveillance technologies. Static RF holography primarily relies on physics
based reconstruction techniques, such as bapoiection and inverse problensolving,
enabling scene imaging. This deterministic approach enhances explainability and reduces
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dependence on training data. However, recent advancements increasingly explore hybrid
approaches where machine learning is applied to improve reconstruction quality, noise
robustness, and object classification, particularly in complex or dynamic envirdemen

(0]

Non-Lineof-Sight (NLOS) Detection CapabiliF sensing enables néine-of-sight
detection, identifying objects and individuals behind walls or obstacles. Research
demonstrates reliable Rbased detection and localization accuracy above 90% in
controlled environments, even without visual input [{8].

Privacyby-Design Monitoring:Unlike cameras or biometric scanners, RF sensing
does not capture identifiable visual or audio data. This aligns with GDPR principles of
data minimization, making it suitable for sensitive environments such as museums,
airports, or spaces where multiple pple can access [6], [7].

DeviceFree and Invisible Operatiorithe system does not require tags, wearables,
or active user participation, and can be fully embedded behind walls or ceilings. This
makes it tamperesistant and unobtrusive, a key advantage in ksghurity zones

[8].

Detection of Static and Concealed ObjectStatic holography excels in identifying
scene changes over timallowing detection of removed, added, or hidden objects,
even when no motion occurs. This addresses a major limitation of mbtsed
sensors [9].

Leverages Existing RF Infrastructuy usingambient RF signals (e.g. Wi)as an
illumination source, the system reduces the need for dedicated transmitters,
enabling partial reuse of existing infrastructure [10].

Complementary to Existing System&F sensing enhances, not replaces, existing
surveillance technologies, improving detection coverage when combined with CCTV,
access control, or alarm systems [11].

3.1.2.Weaknesses

Despite its advantages, several technical and economic limitations may hinder adoption:

0

Lower Spatial Resolution Compared to Optical SysterR$ holography provides
coarse spatial resolution, particularly for nametallic or RRabsorbing materials,
limiting detailed object identification [12].

Processing Latency and NdRealTime Operation Highresolution image
reconstruction requires longer acquisition and computation times, making the
system less suitable for reime threat detection compared to cameras or radar [9].
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6 Sensitivity to Environmental ChangeV¥ariations in the environment (e.qg., furniture
movement, multipath reflections) can reduce reconstruction accuracy by up¢o 20
30%, requiring calibration and stable deployment conditions [13].

6 Higher Initial Investment CostsA limitation of RF sensing holography is the
potentially high initial deployment cost associated with specialized RF transceivers,
antenna arrays, precision calibration, and computational processing requirements,
particularly in higifrequency or largerea sensing applications [14].

6 Limited Industry StandardizationRF sensing holography currently lacks broad
industry standardization and commercial maturity, which can complicate system
integration and largescale deployment [15].

3.1.3.O0pportunities

The market environment presents strong growth opportunities driven by security needs and
regulatory trends:

6 Growing Global Security & Surveillance Markethe global video surveillance
YENy SG A& LINRP2SOGSR G2 SEOSSR e€yo o0AffAZ
security in public infrastructure [16]. RF sensing can capture niche segments where

cameras are insufficient.

o Demand for PrivacyPreserving Technologiesncreasing regulatory pressure (e.g.,
GDPR in Europe) is accelerating adoption of-intmusive monitoring solutions,
especially in public and sefpublic spaces [7].

6 Expansion in Critical Infrastructure ProtectioAirports, logistics hubs, data centers,
research labs, government buildings, museums require advanced detection systems.
¢KS 3Ft206Ff FANLIRZNILI aSOdzZNAGEe YIENJ SO t2yS
[17].

6 Limitations of Existing Technologie€CTV requires liraf-sight and is vulnerable to
occlusion, RFID requires tagging and manual integration, Millinved&e scanners
are costly and intrusive. These gaps create space for RF holography as a
complementary solution [18], [19].

o Smart Infrastructure and IoT IntegratianThe rise of smart buildings and IoT
ecosystems enables integration of RF sensing into existing monitoring platforms,
supporting scalable deployments [20].

6 Use in HigkSecurity, LowVisibility Environments RF sensing is particularly valuable
in hidden areas, storage rooms, or restricted zones, where traditional surveillance is
ineffective or undesirable.
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3.1.4.Threats

Several external factors may challenge market adoption and scalability:

6 Strong Competition from Established Technologi®gature solutions such as CCTV
(used in over 70% of public surveillance systems globally) and access control systems
dominate the market due to lower cost and proven reliability [16].

6 Emergence of Alternative Sensing Technologi€ompeting technologies include
RFID tracking systems, LIDAR and 3D imaging sensors, Millimasterscanners
These solutions may offer higher precision or faster response times in certain
applications [18].

6 Regulatory and Spectrum ConstraintsRFbased systems must comply with
spectrum regulations and electromagnetic exposure limits, which may vary across
regions and limit deployment flexibility [21].

6 Cybersecurity RisksAs part of 10T ecosystems, RF sensing systems are exposed to
cyber threats. Studies indicate that over 50% of IoT devices have critical
vulnerabilities, raising concerns for secwsignsitive applications [22].

6 Market Adoption Barriers Conservative sectors such as airport security and cultural
heritage institutions may be slow to adopt emerging technologies, favoring proven
systems with established standards [23].

6 Performance Perception Risk.ower resolution and noereaktime operation may
lead to perceived inferiority compared to cameras, even if RF sensing provides unique
advantages.

3.2. Market Size Analysis

3.2.1.Market Potential

This section evaluates market potential to provide ddteven insights into commercial

viability. From an economic perspective, the opportunity for RF sensing based on static
holography must be evaluated within the broader global security and surveillaacket,

which is both large and regionally differentiated. The global video surveillance market is
SAGAYFGSR I ETLALINRAEAIYAI20yS tA8Y emcrvHn . 6 A G K LINER 2 €
by 2030, reflecting sustained investment in security infrastreetworldwide [16], [24].

When including adjacent segments such as smart security systems, sensors, integrated
monitoring platforms, and Aénabled infrastructure protection technologies, the total

A N o oA A~

I RRNB&A&I0fS8 802488408y SEDCASR&AIWM24n OAfEAZY
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Table 2¢ Global Surveillance & Security Market (2024)

Market Size | Market

Market (2024) Share Key Technologies

Total global market including all security and
Total Global surveillance systems, infrastructure, platform:
Surveillance & software, and services (Video surveillance,

. 9e mh3d B | 100% . .
Security Market VAP * | access control, perimeter protection, sensors

(All Technologies) analytics, monitoring platforms, integrated
security systems).

Video surveillance cameras, NVRs, VMS, an
e g70B 48¢53% | related infrastructure (video management

Video Surveillance

Systems . .
y systems, storage, Al video analytics).
Access Control & Access control systems, intrusion detection,
. . |Y9€g26B 16¢19% . y
Perimeter Security perimeter protection systems.
Smart Security
Systems Integrated smart security solutions including

Qe g2y B 14¢17%

(Integrated loT, software, cloud platforms, and analytics.

Solutions)
Screening & X-ray and millimeteswave scanners, inspectiol
Inspection e glB B 8¢10% y .  NSP

: systems (explosive and handheld detectors).
Technologies
Other Sensor Thermal cameras, radar systems, LiDAR,

JdectoB  |5c796 | oM@ Y !

Based Technologig biometric systems, and other sensors.
RF Sensing & RF RF sensing, RF holography, #iae-of-sight
Holography e gdHppB | <1% monitoring, throughwall detection, devicdree
(Emerging Niche) sensing.

Regional distribution of this market highlights important economic dynamics. North America,
led by the United States, accounts for approximately}c3 of global security and
surveillance spending, driven by high investment in critical infrastructure ptiotg, airport
security, defense modernization, and advanced technology adoption [16], [24], [25]. The
region is characterized by eawyloption behavior and strong demand for solutions that
combine operational performance with compliance, risk reductemg liability mitigation.

The United States Transportation Security Administration (TSA) and airport modernization
programs continue to increase investment in intelligent monitoring systems, particularly for
restricted and higksecurity areas [26]. This eates a favorable environment for RF
holographybased sensing, particularly in restricted airport zones, secure storage
environments, defenseelated facilities, privacgensitive indoor monitoring. The U.S.
market is expected to lead adoption of complengy sensing layers integrated with
existing security ecosystems rather than standalone deployments.
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The EMEA region represents approximately3P%6 of the global market, with growth
strongly influenced by regulatory frameworks such as the General Data Protection
Regulation (GDPR) and increasing public and private investment in transportation security,
urban resilience, critical infrastructure protection, and cultural heritage preservation [27],
[28], [29]. In Europe in particular, the need to balance security with privacy is accelerating
demand for nornintrusive sensing technologies, positioning RF sensis a relevant
alternative to camerdased systems. In parallel, European initiatives related to smart
infrastructure, critical entities resilience, and privgmeserving technologies are creating
favorable conditions for the adoption of advancedf&#Sed monitoring systems [31], [32].
Europe represents one of the most strategically attractive regions for RF holography due to
the strong regulatory focus on privacy and data minimization under GDPR. Traditional
cameraheavy surveillance systems increasirfglse legal and ethical scrutiny, especially in
museums, public institutions, transportation hubs, and smart buildings. By 2030, European
investment trends are expected to favor privgeseserving sensing, invisible monitoring
infrastructures, norbiometric detection systems, security solutions with limited personal
data collection. This makes RF holography particularly relevant because it does not require
facial recognition, it can operate through walls, it enables hidden deployment, it minimizes
visual suveillance concerns. Museums and cultural heritage protection are expected to
become one of the highestalue niche applications in Europe.

AsiaPacific is currently the fastegirowing region, accounting for approximately-86% of

global market share, supported by rapid urbanization, smart city initiatives, transportation
infrastructure expansion, and rising pubkdiecurity investments [11]30]. Markets such as
China, India, Japan, South Korea, and Southeast Asia are driving volume growth through
large-scale infrastructure modernization and airport expansion projects. However, adoption
dynamics in Asi®acific tend to be more cosensitivecompared to Western markets,
favoring scalable and infrastructuietegrated solutions [30], [33].

B North America
(30% - 35%)

30% - 35% ) Europe / EMEA

(25% - 30%)
Total Market Asia-Pacific
~$125 - $135 (35% - 40%) e
BILLION B Middle East "
(5% - 8%) I
25% - 30% 0 Latin America {3‘?’_5
(3% - 5%) :

Figure 2¢ Global Surveillance & Security Market by region (2024)
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Table 3 Global Surveillance & Security Market Trend by Region ¢2020)

2024 2024 Expected
Region | Market | Market CAGR 2030 Trend Key Growth Drivers
Share Value | (2024;2030)

Airport security, critical
infrastructure, Al analytics, privac
compliance

GDPRompliant surveillance,

North Mature but high
. 30¢35% 0cd2B 7%
America 0G35% | € oc G value market

Europe / Strong regulatory . .
25¢30% | € ocB6B 8¢10% ) cultural heritage protection, smart|
EMEA 5G30% < G0 driven growth . gep
transportation
Asia Fastestgrowin Smatrt cities, airport expansion,
o 35¢40% | € ncA8B 10¢14% . g urbanization, public safety
Pacific region .
investments
Midde Emergin Mega infrastructure projects
East& | 58% | € 9B | 9c12% ging g . projects,
. strategic market | border security, smart airports
Africa
Latin . Urban security modernization,
. 4¢6% € R7B 7¢9% Gradual adoption . y
America transportation hubs

When focusing specifically on applicatidriven potential, it becomes clear that the
economic opportunity is not evenly distributed across use cases:dedigirity environments
such as airports, critical infrastructure facilities, logistics hubs, secarehsuses, and
museums represent a smaller volume but a disproportionately high share of value due to
stricter operational requirements, higher security budgets, and greater willingness to invest
in advanced detection technologies.

Based on aggregated analysis of infrastructseeurity investment trends, transportatien
security expenditure, and sectapecific operational requirements, a realistic distribution of
the addressable opportunity for RF static holography sensing candrexamated as follows
[25], [26], [28], [29], [31]:

- Airports and transportation security: ~490%

- Critical infrastructure and secure facilities: €35%
- Museums and cultural heritage: ~4q16%

- Other smart security/building applications: ~%%

This segmentation reflects both investment intensity and unmet technological needs,
particularly in environments where existing technologies such as CCTV cameras, RFID
systems, motion detectors, or conventional scanners exhibit structural limitationsafry m
high-security environments, conventional solutions require direct -irfesight operation,
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wearable tags, active cooperation, or visible installations, which can reduce effectiveness or
increase operational complexity [34], [35].

Unlike RF sensing approaches focused primarily on motion or occupancy detection, static
holography enables passive environmental reconstruction through computational imaging
techniques using ambient radfoequency emissions [4], [10]. This capability poes the
technology closer to infrastructurBased imaging and advanced situational awareness
systems rather than traditional 10T sensing alone and it introduces a differentiated value
proposition by enabling:

- Nonline-of-sight detection

- Privacypreserving sensing without cameras

- Throughwall monitoring capabilities

- Hidden or invisible deployment architectures

- Passive and nenooperative sensing mechanisms

These capabilities are particularly relevant in restricted, secsgtysitive, or privacy
regulated environments where unobtrusive monitoring is required. Unlike traditional active
scanners or camerbased analytics, RF static holography can operate @sittgent radio
frequency signals and reconstruct environmental changes without relying exclusively on
visual information or wearable devices [1], [2], [36].

Importantly, RF sensing should not be positioned as a replacement for the entire surveillance
market, but rather as a specialized and higllue complementary layer within existing
security ecosystems. This technology is most economically attractive marsze where
conventional systems face operational blind spots, privacy limitations, or deployment
constraints.

Although RF static holography presents potential applicability across multiple security and
infrastructure domains, the commercialization strategy intentionally focuses on- high
security and privacgensitive infrastructure environments where the technology
demonstrates clear operational differentiation and economic value like airports,
transportationsecurity areas, museums, and cultural heritage infrastructures being
identified as the most commercially attractive eadgtoption segments. This prioritizatias

also based on the results of the functional requirements analysis and ethical appropriateness
assessment, which identified these environments as particularly suitable for privacy
preserving and nointrusive sensing technologies.

These application domains combine higgcurity requirements with strong operational
constraints related to public accessibility, asset protection, and unobtrusive monitoring.
Furthermore, airports and cultural heritage environments represent economiatifiyctive
early-adoption markets due to their relatively high security investment capacity, ongoing
digital infrastructure modernization, and increasing regulatory emphasis on praxaaye
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monitoring solutions [28], [29], [37], [38]. As a result, these sectors provide a strategically
coherent entry point for RF static holography as a complementary sensing layer within
existing security ecosystems, while avoiding some of the ethical andtaoc@ncerns
associated with largecale public or workplace surveillance applications.

This economic framing provides the foundation for defining the Total Addressable Market
(TAM) and Serviceable Available Market (SAM) in the following sections, translating macro
level trends into a realistic and investable market scope.

3.2.2.Total Addressable Market (TAM)

The Total Addressable Market (TAM) represents the overall-termy global economic
opportunity for RF sensing based on static holography within the broader intelligent security,
infrastructure monitoring, and surveillance ecosystem. The TAM is evalusiiegl oth top

down and bottomup approaches to provide a realistic estimate of kwagn commercial

potential. From a toglown perspective, RF holography operates within the wider global
smartsecurity and intelligensurveillance market, including videaurseillance, smart

sensing, intrusion detection, access control, critical infrastructure protection, ahdg&d
monitoring systems. Industry analysts estimate that the combined global market for
intelligent surveillance and smasecurity technologies €&SSRSR | LILINREA Y (G St
HAHn FYyR A& SELSOGSR (2 &adzNLJ 8& emcn. 0@ HAN
does not target the entire surveillance ecosystem. Its commercial relevance is concentrated

in specialized environments where privgaeserving sensing, hidden infrastructure
deployment, norline-of-sight monitoring, and passive environmental detection provide
operational advantages over conventional technologies. Consequently, the economically
relevant market segment is substantially namer than the overall surveillance market. The

primary target sectors include airport and transportatisecurity infrastructures, critical
infrastructure and secure operational facilities, museums and cultural heritage
environments, secure logistics and stected-storage infrastructures. Applying these
segmentation constraints results in an estimated specialized addressable market of

I LILINR EA XM HI.SERf oyl £ £ @ AY HnanunZ oA §2BBbyROBO2 SO0 SF
as infrastructuresecurity digitizattn and privacyoriented monitoring adoption increase

[24], [28], [30]. From a bottorup perspective, TAM estimation can be derived from the
number of potential deployment sites and the expected infrastructure value per

deployment.

Airports and Transportation Security

Globally, there are more than 17.000 commercial airports, including approximately 4.000
mediumto-large international airports with advanced security infrastructures [30].
However, realistic RF holography adoption is likely to focus initially on-seighity
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operational zones rather than fudlirport deployments. Assuming 2.000 strategically

relevant airports globally and average deployable seclrigyS @I f dzS @St 6SSy
eynni LKFIaAaSR RSLX 28YSyd FONR&A& o6 33F3AS KIy

and airside operational areas the lotgym airportrelated TAM is estimated at
I LILINR E A Y4B gl&ballg. € H

Museums and Cultural Heritage

UNESCO and ICOM statistics indicate the existence of more than 95.000 museums globally,
although only a limited subset represents higgcurity or highvalue cultural institutions
requiring advanced infrastructure monitoring [37], [39]. Assuming 50000 security

aSYyaAriAdS YdzaSdzyd FyR KSNAGI3IS AyadAagdziazya
eHpn] U(K8BYUzE Sy ¢! a A& SaiArLiB§ballyd | LILINREA

Critical Infrastructure & Secure Facilities

Critical infrastructure protection includes energy facilities, secure government storage,
defense logistics, datsensitive industrial environments. This segment represents one of the
largest longterm opportunities due to high security spending and insiag adoption of
flI@2SNBR Y2yAlU2NAYy3 adcadSyxegomliyArYl G§SR ¢! a

Overall, the TAM demonstrates that RF static holography addresses a substantiarfang
market opportunity, particularly as infrastructure operators increasingly seek:

- privacypreserving monitoring;

- invisible security architecture;

- non-cooperative sensing solutions;

- complementary sensing layers beyond traditional CCTV systems.

3.2.3.Service Addressable Market (SAM)

While the TAM reflects the broad losigrm opportunity, the Serviceable Available Market
(SAM) represents the realistically reachable market based on technological maturity,
regulatory compatibility, operational readiness, and the initial commercializaicategy.
Following the functional requirements analysis and ethical appropriateness assessment, the
initial commercialization strategy focuses primarily on airport restritedurity
environments and museums and cultural heritage infrastructures. Tlsestors were
selected because they combine higalue protected assets, strong security requirements,
privacysensitive operational conditions, operational limitations of conventional surveillance
systems, and relatively high willingness to invest in adgdnmonitoring technologies.
Importantly, these sectors also align with the current maturity level of RF static holography,
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which is presently more suitable for targeted infrastructure monitoring, anomaly detection,
and hidden environmental sensing than for continuous lesgale reatime surveillance.

Airports and Transportation Security

The airportsecurity segment represents the most commercially attractive estdge

market opportunity. The SAM focuses specifically on medium and large international
airports, highsecurity baggagéandling zones, customs and restrictadcess corridors,
secure logistics and operationstiorage areas, primarily within Europe, North America, and
selected AsidPacific transportation hubs. Based on ACI and IATA infrastructure statistics
[30], [38], approximately 1.2@1.500 airports globally match the operamal profile suitable

for advanced RF sensing deployments. Assuming phased deployment values between
€ BOkce pnni LISNJ FANLIRZNIS>S aStSOGAGS RSLI 28YSyi
than fullairport coverage, a lonterm serviceable airporsecurity SAM is estimated at

I LILINE E A $1Mge675M € o

Museums and Cultural Heritage

The museum and cultural heritage segment represents a smaller but highly differentiated
market in which privacpreserving and hidden sensing capabilities provide substantial
strategic value. The SAM focuses on national museumsailgie exhibition envonments,

protected archives, artifaestorage infrastructures, particularly within Europe, North
America, and East Asia. UNESCO and ICOM data suggest that approximateky.(000
institutions globally represent higbecurity or highvalue cultural infraguctures [37], [39].

l 3adzyAy3d RSLI 2@ Y SEkce Ml i 1dzS1AS N SAl G iBibafuskind 2 y > |
F20dzaSR {!a A& SaimyM@EER. I G | LIWINRBEAYI GSt & ¢

Combined SAM

Combining airporsecurity and culturaheritage deployments results in an estimated initial
{la 27 | LILIGKMc WBBBI Jlhisd represents the realistic mediderm
commercialization opportunity addressable through pilot deployments, infrastrueture
integrator partnerships, publisector procurement channels, and strategic security
ecosystem collaborations.

3.2.4.Service Obtainable Market (SOM)

The Serviceable Obtainable Market (SOM) represents the realistically achievable market
share during the first commercialization phase. Given the emerging maturity of RF static
holography, the long procurement cycles typical of critical infrastructure nsylesd the
integration complexity associated with infrastructusecurity deployments, early
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commercialization is expected to remain intentionally selective and partnexhivgn. A
realistic fiveyear commercialization objective may include:

- 10¢20 airport deployments;
- 20¢40 museum/cultural heritage deployments;
- several pilot integrations with infrastructure security partners.

Assuming the following average deployment values:

- Airporta SOdzNA 1é Ay &dipaat GA2yayYy eunwpnl
- adzaSdzy FYyR KSNRUGI &SvpRSLIX 28 YSYyday eT1p]

the realistically obtainable SOM during the first five years is estimated at approximately
ecempa Ay Odzydz I 6AGS RSLI 28YSyd NB@SydzSasxs
maintenance revenues. When recurring software licensing, maintenance agreements, and
andytics subscriptions are included, the total fiyear obtainable market value may
NEIFaz2ylof e de B OK evya

This SOM remains fully consistent with a phased eeep commercialization strategy based

on pilot validation, lighthouse deployments, infrastructesecurity partnerships, gradual
deployment standardization, and progressive ecosystem integration. Rétheicompeting
directly with masamarket surveillance platforms, RF static holography is positioned as a
specialized complementary sensing layer capable of addressing operational blind spots
where conventional surveillance systems exhibit structural litiaites.

Table 4¢ Estimated Service Obtainable Market

Deployment Type Expected Deployments Revenue Potential
Airport-security 10c20 €0 MNa
Museums and cultural
. 20c¢40 EM aa
heritage 0 A
Pilot and specialized Project Multiple € MG O a
Recurring software and
. Installed base € MG O a
maintenance
Total SOM (5 years) T EYy@& HNa
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3.3. Market Segmentation Analysis

To better understand the commercial positioning of RF sensing based on static holography
within the broader security and surveillance ecosystem, it is essential to segment the market
according to operational environment, technology adoption drivers, sgctgguirements,

and infrastructure characteristics. Unlike conventional surveillance technologies that
primarily rely on direct visual observation or cooperative systems, RF static holography
addresses a more specialized market need focused on hiddemcgpreserving, and non
line-of-sight sensing applications. The segmentation analysis therefore concentrates on
environments where security sensitivity is high, conventional systems exhibit operational
limitations, unobtrusive monitoring is required, adwaed infrastructure investment already
exists. Based on market trends, infrastructure investment patterns, and the functional
appropriateness assessment conducted within this study, the target market can be
segmented into:

- Infrastructuresecurity environments;

- Technologydriven security ecosystems;

- Behavioral and operational adoption factors;
- Strategic stakeholder profiles.

3.3.1.Infrastructure & Application Segmentation

The primary segmentation dimension relates to the operational environments in which RF
static holography can generate measurable value. H8&gurity and infrastructuresensitive
environments represent the most relevant eadgoption markets because thegombine
strong operational security requirements with increasing demand for pripaegerving
monitoring technologies. If we look at table below the segmentation highlights that RF static
holography is most commercially attractive in scenarios where ticadil technologies
exhibit structural limitations associated with visibility, cooperative requirements, or privacy
concerns.

Table 5 Application Market Segmentation

RF
Application Global Primary Securit Holograph Source
PP Market y y grapny Growth Drivers
Segment Need Value
Relevance .
Proposition
Restrictedarea | Throughwall Airport
. monitoring, detection, modernization,
Airports & .
_ , anomaly hidden smart [30],
Transportation| Very High . . .
Securit detection, sensing, infrastructure, [38]
y baggage/security passive security
zones monitoring automation
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: Invisible Cultural heritage
Asset protection, :
Museums & . . deployment, protection,
Medium- visitor safety, .
Cultural . . privacy smart museums, [29],
. High unobtrusive .
Heritage . preserving GDPR [37]
surveillance o .
monitoring compliance
Intrusion : .
. Nortline-of- National
» detection, _ _ _ [28],
Critical . . . sight sensing,| infrastructure
High perimeter security,| . . [40]
Infrastructure . infrastructure protection
restricted access . ,
o resilience investments
monitoring
Secure Asset tracking, Passive Supply chain
Warehouses & Medium unauthorized sensing security, logisticy  [41]
Logistics access detection | without tags automation
Smart Buildingg Occupanc Integrated -
.g . . pancy . .g Smartbuilding
& Commercial| Medium | detection, security hidden digitization [11]
Facilities analytics sensing g

3.3.2.TechnologyGpecific Segmentation

The surveillance and security market can also be segmented according to the dominant
sensing and monitoring technologies currently deployed across infrastructure environments.

RF static holography can enter the market as a complementary sensing layer ttethea

direct replacement for existing systems. This positioning demonstrates that RF holography
occupies a highly differentiated niche within the surveillance ecosystem, particularly where:

- visual monitoring is insufficient;

- hidden deployment is advantageous;
- privacy regulations restrict camera usage;
- passive sensing is operationally preferred.

Table 6 TechnologySpecific Security Market Segmentation

lobal
Global 1 - \gRr Main
Technology Market . Structural Source
(2024 Operational o
Type value 2030) Characteristics Limitations
(2024)
Requires lineof-
CCTV / Video ¢ cCHOB 8c10% Visual monitoring, siqlrj1lt ri\I/ac [16], [24]
Surveillance ¢ G Al analytics gnt. p y ’
concerns
REID & Acces Tagged Requires
Trackin € M22B 10¢12% asset/person cooperative [18]
g identification tagging
Biometric & Al Identity GDPR/privacy
. € 0B 13¢15% s
Analytics MR 3c15% verification, concerns [43]
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behavioral
analytics
Motion & Basic 6CCUDANC Limited
Presence € y12B 9¢11% . il contextual [11]
detection
Sensors awareness
. . . High
X-Ray & Active Object screening| . g
. infrastructure [44]
Scanning € MmcA5B 7¢9% and threat .
. costs, checkpoint
Systems detection .
based operation
Processing
. , Throughwall, .
RF Sensing /| Emerging| 15¢20% .ug W complexity, [36]
. ) passive, hidden .
RF Holography Niche | (estimated) sensin infrastructure
g integration

3.3.3.Behavioral & Operational Segmentation

Behavioral segmentation focuses on the operational drivers influencing adoption decisions
within securitysensitive infrastructures. Unlike consumer technologies, adoption in this

market is primarily determined by:

- risk reduction;

- infrastructure resilience;
- operational efficiency;

- regulatory compliance;
- public acceptance.

This analysis indicates that the strongest adoption drivers for RF static holography are not
purely technological, but operational and regulatory. In particular, the ability to provide
sensing capabilities without relying on direct visual surveillance teseastrategic

differentiation in privacysensitive environments.

Table 7¢ Behavioral Segmentation for RF Static Holography Adoption

Behavioral
Market Influence Target Segments Target Segments
Factor
Privac Increasing demand for ner Museums, public
- y camera monitoring infrastructures, [27], [29]
Sensitivity . .
solutions transportation hubs
, , - . Airports, critical
Security Higher willingness to inveg : P
L : . infrastructure, [28], [38]
Criticality in layered sensing system o
government facilities
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Infrastructure Adoption driven by smaitt | Airports, smart buildings, [11], [30]
Modernization security upgrades logistics hubs '
Operational Preference for Museums, secure storage
peratic hidden/invisible monitoring " 9 1291, [37]
Discretion restricted areas
systems
. Adoption depends on Large infrastructure
Integration - . .
. compatibility with existing operators, system [40]
Complexity .
systems integrators
GDPR and privacy laws .
Regulatory . P Y European markets, publig
. influence technology . [27]
Compliance . infrastructures
selection

3.3.4.Target Market Profiling

The RF sensing ecosystem based on static holography targets multiple stakeholders
operating within the security, infrastructure, and smanbnitoring sectors. The following
profiles represent the most commercially relevant actors within the earhtogmarket

strategy.

a. Airport Infrastructure Operators

Airport operators represent one of the most attractive target segments due to their
continuous investment in advanced security systems, restriai®é monitoring, and
infrastructure modernization.

Key Stakeholdersinternational airports, Airport authorities, Airside security operators,

Baggage handling operators.

Example Organization®CI Europe, International Air Transport Association, Major airport

groups.

Strategic NeedMonitoring restricted zones, detecting unauthorized presence, enhancing
situational awareness without intrusive systems.

b. Museums & Cultural Heritage Institutions

Museums and heritage institutions increasingly invest in advanced monitoring technologies
to protect valuable assets while preserving visitor experience and complying with privacy
regulations.

Key Stakeholders National museums, Cultural heritage operators,
managers, Artifact preservation facilities.

Exhibisipace

Example Organization&) NESCOQO, International Council of Museums.
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Strategic NeedMonitoring restricted zones, detecting unauthorized presence, enhancing
situational awareness without intrusive systems.
c. Security System Integrators

System integrators are essential commercialization partners because RF holography is likely
to be deployed as part of broader security architectures rather than standalone systems.

Key StakeholdersSmartsecurity integrators, Infrastructursecurity solution providers,
Airport security contractors.

Example CompaniesHoneywell Building Technologies, Thales Group, Siemens Smart
Infrastructure, Bosch Building Technologies.

Strategic NeedComplementary sensing layers, integration with CCTV and acuess|
systems, advanced analytics enhancement.

d. Critical Infrastructure Operators

Critical infrastructure operators represent a longerm but highly valuable market
segment.

Key Stakeholder€Energy infrastructure operators, secure logistics operators, government
infrastructure agencies, defenselated facilities.

Strateqgic Need Hidden intrusion detection, nenooperative monitoring, infrastructure
resilience and threat detection.

e. Smart Infrastructure & 10T Security Providers

As smart buildings and lefhabled infrastructures evolve, RF sensing may become
integrated into broader intelligenrénvironment ecosystems.

Key Stakeholders Smartbuilding platform providers, 10T infrastructure companies,
occupancy and security analytics providers.

Strategic Need Contextaware sensing, occupancy analytics, infrastructure intelligence
without visual monitoring.

3.3.5.Strategic Segmentation Conclusion

The analysis demonstrates that RF sensing based on static holography is best positioned as
a specialized infrastructursecurity technology targeting higlalue, privacysensitive, and
operationally complex environments. While the broader surveillance etgrkovides long

term expansion opportunities, the most strategically coherent eadgption markets are

airport restricted/security areas and museums / cultural heritage environments. These
segments align strongly with the technological strengths of Rgnaphy, current
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regulatory trends, infrastructure modernization programs, and the growing demand for
privacypreserving security architectures.

3.4. Market Needs & Trends

The security and surveillance market is undergoing a profound transformation driven by
increasing infrastructure complexity, evolving threat scenarios, stricter privacy regulations,
and the growing digitalization of public and critical environments. Ti@dh surveillance
architectures based primarily on cameras, motion detectors, and physical aumeissl
systems are increasingly being complemented by intelligent sensing technologies capable of
improving situational awareness, operational resilienaeg shreat detection capabilities.
Within this evolving landscape, RF sensing based on static holography emerges as a potential
highly differentiated technology capable of addressing several unmet needs ksddginity

and privacysensitive environments. SOKy 2f 23@8Qa oAt AGe G2 2 LISN.
line-of-sight, through barriers/walls, and without requiring wearable tags or active
cooperation aligns strongly with emerging market demands in airports, transportation
infrastructures, museums, and iteisted operational areas [4], [15], [24], [44].

The following subsections summarize the most relevant market trends and operational
needs shaping the future adoption potential of RF sensing technologies.

a. Increasing Investment in Critical Infrastructure Security

Trend: Governments and infrastructure operators worldwide are significantly increasing
investments in critical infrastructure protection due to rising geopolitical instability,
terrorism risks, cybephysical threats, and public safety concerns. Airports, trartsgpion

hubs, logistics infrastructures, and public facilities are undergoing major modernization
programs integrating advanced sensing and intelligent surveillance systems [28], [30], [38].
Global airport infrastructure investments alone are expected to exceed hundreds of billions
of dollars by 2040, driven by increasing passenger traffic and security requirements [30],
[26]. Similarly, smart infrastructure and critiesgcurity spending comue to grow across
North America, Europe, and Advacific [11], [25].

Need: These environments require monitoring technologies capable of detecting
unauthorized presence, identifying anomalous behavior, operating continuously under
complex environmental conditions, and complementing existing surveillance systems
without creatingoperational bottlenecks. RF static holography addresses these needs by
enabling hidden monitoring, passive sensing, and-lregof-sight detection, particularly in
restricted or difficultto-monitor areas.

b. Growing Demand for PrivaelPreserving Surveillance
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Trend: Privacy concerns and regulatory pressures are reshaping the surveillance industry,
particularly in Europe under frameworks such as the General Data Protection Regulation
(GDPR). Public acceptance of camatansive surveillance systems is increasingly
challenged in environments involving visitors, passengers, or employees. This trend is
especially visible in museums, public infrastructures, transportation hubs, and smart public
spaces, where balancing security and privacy has become a strategieregnt [29].

Need: Organizations increasingly require security technologies capable of reducing
dependence on visual surveillance, minimizing biometata collection, and preserving
anonymity while maintaining situational awareness. RF sensing based on static holography
directly addresses this market need because it does not rely on facial recognition, does not
capture optical imagery, and can reconstruct environmental changes without exposing
sensitive visual information [4]. This privaoy-design characteristic repsents one of the
strongest strategic differentiators of this technology.

c. Operational Limitations of Conventional Surveillance Systems

Trend: Existing surveillance technologies continue to face structural operational limitations
in complex security environments. CCTV systems require diregiflisight visibility and can

be affected by blind spots, poor lighting conditions, occlusions, andamaental obstacles.
Similarly, other systems require tagged assets or cooperative identification mechanisms,
while conventional motion detectors often struggle with contextual interpretation and false
positives [34], [35].

Need: Security operators increasingly seek complementary sensing layers capable of
detecting concealed objects or individuals, operating through walls or barriers, and
monitoring areas invisible to cameras. RF static holography introduces a differentiated
senshg capability because it can exploit ambient RF signals, reconstruct static environmental
changes, and identify presence or object displacement even without visual access, [36].
This capability is particularly valuable in airport restricted zones, secure storage
environments, museum backrooms, and infrastructure maintenance areas.

d. Expansion of Smart Infrastructure and Intelligent Security Ecosystems

Trend: The global expansion of smart infrastructure and connected environments is
accelerating the integration of intelligent sensing technologies into existing operational
ecosystems. Airports, museums, logistics facilities, and public infrastructures inglgasin
deploy IoT systems, £&habled monitoring, digital twins, and centralized security platforms
[34], [35]. Security is progressively shifting from isolated hardware systems toward
integrated situationalwareness ecosystems combining multiple segpsechnologies.
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Need: Security operators increasingly seek complementary sensing layers capable of
detecting concealed objects or individuals, operating through walls or barriers, and
monitoring areas invisible to cameras. RF static holography introduces a differentiated
sensng capability because it can exploit ambient RF signals, reconstruct static environmental
changes, and identify presence or object displacement even without visual access [5].

This capability is particularly valuable in airport restricted zones, secure storage
environments, museum backrooms, and infrastructure maintenance areas.

e. Increasing Protection Needs for Cultural Heritage and Higdue Assets

Trend:Museums and cultural heritage institutions are facing increasing pressure to improve
asset protection while preserving visitor experience and minimizing intrusive security
measures [29], [39], [45]. At the same time, theft prevention, artifact monitoremy
restrictedarea control remain critical operational priorities. The global growth of cultural
tourism and digital heritage initiatives is increasing investment in advanced monitoring and
smartmuseum technologies.

Need: Museums require security solutions that are discreet, minimally invasive,
architecturally compatible, and privacy conscious. RF static holography is particularly aligned
with these needs because sensing devices can be hidden behind walls, integratiadyinvis
into infrastructure, and deployed without altering the visitor experience. This creates a
significant competitive advantage compared to visible surveillance installations or intrusive
scanning systems.

f. Rising Importance of Layered Security Architectures

Trend: Modern security strategies increasingly rely on layered security architectures
combining cameras, accessntrol systems, biometric technologies, environmental sensors,
and Al analytics [42], [43]. No single technology is considered sufficient foiséaoginity
environments, particularly in transportation and critical infrastructures.

Need: Infrastructure operators increasingly require complementary sensing technologies
capable of filling operational blind spots left by conventional systems. RF static holography
can provide secondary verification, hidden monitoring layers, and passive emerdal
sensing, strengthening overall infrastructure resilience. Importantly, the technology is best
positioned not as a replacement for CCTV or other monitoring systems, but as a
complementary security layer integrated into broader situaticaalarenesscosystems.

g. Increasing Interest in Passive and N@ooperative Sensing

Trend: Traditional security systems often require active user cooperation, tagged objects,
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wearable devices, or checkpoibtised screening procedures. However, emerging security
requirements increasingly prioritize passive and +omoperative sensing approaches
capable of monitoring environments continuously and unobtrusively [40].

Need: Airports, museums, and secure infrastructures require technologies capable of
monitoring environments continuously, detecting anomalies passively, and minimizing
operational disruption. RF static holography satisfies this demand because it operates using
ambient RF signals, does not require direct interaction, and can detect environmental
changes without visible infrastructure or cooperative devices. This capability aligns strongly
with nextgeneration intelligent security architectures.

3.4.1.Strategic Trend Conclusion

The analyzed trends demonstrate that the market environment is becoming increasingly
favorable for advanced RF sensing technologies based on static holography. The convergence
of infrastructure modernization, privacy regulation, intelligent security edesys, and the
limitations of conventional surveillance technologies, creates a strong strategic rationale for
the adoption of complementary sensing approaches. Among all potential applications,
airports and museums emerge as particularly attractive eaglyption environments
because they combine high operatiorsdcurity requirements, growing privacy sensitivity,
strong infrastructure investment, and clear unmet technological needs. This positioning
supports the subsequent valeghain and commercialization analysis by demonstrating that
RF static holography is aligned not only with technological innovation tréndslso with
broader economic, regulatory, and operational transformations within the global security
market.

3.5.Value and Use&Case Analysis

This section transitions the market analysis from technological capability to practical and
economic value creation. By analyzing the operational impact of RF sensing based on static
holography, it is possible to identify where the technology generatessonadle advantages
within both institutional security ecosystems and puldgace monitoring environments.
Unlike conventional surveillance systems that rely on cameras, wearable tags, or direct line
of-sight sensing, RF static holography enables passidepavacypreserving monitoring
through hidden infrastructure and ambient raditequency signals [35].

The value proposition is particularly relevant in environments where security, privacy, and
unobtrusive monitoring must coexist. In airports, museums, restricted logistics areas, and
secure facilities, existing technologies often generate operational b8pdts, high
maintenance requirements, or privacy concerns. RF holography introduces a complementary
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sensing layer capable of detecting environmental changes, unauthorized presence, and
object displacement without visible monitoring infrastructure.

From a market perspective, technology creates value across two interconnected dimensions:

- Infrastructure and Security Ecosystems (B2B)
- PublicSpace and Assétrotection Environments (B2C/B2B2C)

The analysis evaluates value creation through four principal dimensions:

- Operational Security Efficiency: reducing blind spots, false negatives, and
dependency on visible surveillance infrastructure.

- PrivacyPreserving Monitoring: enabling compliance with increasingly strict privacy
and ethical requirements.

- Infrastructure Optimization: leveraging hidden or embedded deployments with
limited user interaction requirements.

- Risk Reduction and Asset Protection: improving detection of unauthorized
movement, object removal, or intrusion events.

The resulting ecosystem positions RF sensing not as a replacement for conventional
surveillance systems, but as a higdlue complementary intelligence layer within existing
security architectures.
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Figure 3; RF Holography Value Chain and Business Channels
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3.5.1.The B2C / Publenvironment Value Chain: Museums, Cultural Heritage,
and Public Spaces

In publicfacing environments such as museums, galleries, exhibitions, and cultural heritage
facilities, RF sensing based on static holography creates value by enabling discreet and
continuous monitoring without disrupting visitor experience or introducimyasive
surveillance mechanisms. In these environments, technology functions as an invisible
protective layer integrated into walls, ceilings, or existing infrastructure. Unlike RFID
systems, which require tags attached to objects, or CCTV systemsdpeand on direct
visibility and continuous visual recording, RF holography can detect environmental changes,
unauthorized object movement, and abnormal presence patterns even under low visibility
or partially obstructed conditions [34], [35].

Market Opportunity

The cultural heritage protection market is increasingly investing in intelligent and privacy
compliant security systems. Museums and heritage institutions face growing pressure to
improve security against theft, vandalism, and unauthorized handling oablduartifacts
while maintaining an open and visitfniendly environment [29], [45]. European museums
alone receive hundreds of millions of annual visitors, while international airport retail and
exhibition areas increasingly require hybrid security apgtes combining analytics,
monitoring, and unobtrusive detection systems [28], [37].

RF holography addresses several unmet needs within these environments:

- Hidden security monitoring

- Noninvasive sensing

- Protection of sensitive or highalue assets

- Reduced dependence on visible cameras

- Enhanced monitoring in losght or obstructed conditions

Primary Customers

Primary adopters within this segment include Museums and cultural heritage institutions,
Exhibition centers, Galleries and archives, Airport peddicurity operators, Public
infrastructure operators, Smatiuilding integrators.

Key Benefits

RF holography offers several operational and strategic advantages that make it particularly
well suited for sensitive or protected environments. Because the sensing infrastructure can
remain concealed behind walls or architectural features, the techngbogserves the visual
integrity of historic or architecturally significant spaces while operating unobtrusively in the
background. At the same time, it provides a more priveayscious alternative to traditional
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camera systems, as RF sensing does not continuously record identifiable visual information,
making it better aligned with GDRRiented monitoring practices.

Another major strength of the system is its ability to detect movement and environmental
changes even when direct lines of sight are blocked. Thidinewf-sight capability allows
monitoring to extend into hidden or obstructed areas that conventionalvsiliance
technologies may fail to cover. Operationally, technology also reduces friction because it
does not rely on tags, wearables, or any active participation from users.

From a security perspective, RF holography can enhance asset protection by identifying
unusual movement patterns or object displacement events in real time. Rather than
replacing existing security infrastructure, it acts as a complementary monitoring tlzgfer
strengthens CCTV and accessitrol systems by covering blind spots and other diffitoit
monitor spaces.

3.5.2.The B2B Value Chain: Airports, Critical Infrastructure, and Security
Operators

In highsecurity environments, RF sensing based on static holography operates as an
advanced situationahwareness layer integrated into broader security ecosystems. Rather
than replacing existing surveillance systems, the technology augments airportitgecur
infrastructures, restricteeaccess monitoring systems, and critiéadility protection
architectures. Within this value chain, system integrators, airport authorities, infrastructure
operators, and security technology providers deploy RF holograppgrasf mult-Hlayered

security frameworks combining CCTV analytics, Access control systems, Radar technologies,
RFID systems, Intrusion detection, Edge Al analytics.

Technology is particularly valuable in areas where conventional monitoring technologies
exhibit operational limitations, including hidden or bliadne environments, storage and
baggage handling areas, restricted corridors, secure logistics zones, thsalighonitoring
requirements.

Market Opportunity

Airports and critical infrastructures represent the largest kiglhue market segment for
advanced sensing technologies due to continuously increasing investments in infrastructure
security and risk mitigation [25], [26], [31].

Global airport security spending is projected to grow substantially toward 2030, driven by
passenger traffic growth, smart airport transformation, increasing geopolitical risks,
automation of security operations, demand for privasympliant monitoring tebnologies.

Static holography aligns with these trends by enabling passive sensing capabilities without
introducing highly intrusive scanning architectures.
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Primary Customers

Key stakeholders within this ecosystem include airport authorities, security operations
centers, infrastructure operators, homeland security agencies, system integrators,-smart
building and smartity providers, transportatiofsecurity contractors.

Integrated Professional Services

Within the B2B ecosystem, value is amplified through integration with complementary
security and operational services:

- Security Analytics Platforms: RF sensing data can feed centralized monitoring systems
for anomaly detection and incident analysis.

- AlAssisted Threat Detection: Combined withbaked analytics, RF holography can
support behavioral pattern analysis and threat identification.

- Emergency Response Integration: Rak alerts can trigger rapid intervention
workflows within airport or facility operations centers.

- Infrastructure Intelligence: Continuous environmental sensing enables predictive
monitoring and operational optimization.

- Hybrid Security Architectures: RF holography complements cameras and -access
control systems by covering nerisible or inaccessible areas.

Key Benefits

RF holography also provides important advantages in terms of resilience, scalability, and
operational security. Because the sensing infrastructure can remain hidden from public view
and embedded within existing architectural elements, deployments are extigr more
tamper-resistant and difficult for intruders to identify or bypass. This discreet integration
strengthens the overall robustness of the security environment without introducing visually
intrusive equipment.

Technology is particularly valuable in reducing surveillance blind spots. Unlike conventional
optical systems that depend on direct visibility and lighting conditions, RF sensing can extend
monitoring coverage into areas where cameras are ineffective strobted. At the same

time, the absence of continuous visual recording supports stronger privacy and ethical
compliance by limiting the collection of identifiable personal data, thereby reducing both
regulatory exposure and reputational risk.

Another significant advantage is the ability to scale deployments progressively across
existing infrastructure. RF holography systems can be integrated into current security
architectures in stages, allowing organizations to enhance protection withoutinegu
complete replacement of established systems. In operational terms, automated
environmental sensing also reduces reliance on constant human supervision, easing the
workload placed on security personnel while enabling faster detection of anomalies.
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By functioning as part of a mulayer sensing architecture, RF holography ultimately
enhances overall security resilience, improving detection reliability and strengthening
situational awareness across complex environments.

3.5.3. Strategic Interpretation

The analysis indicates that the most significant commercial opportunity for RF sensing based
on static holography does not lie in largeale massnarket surveillance applications, but
rather in specialized, highalue security environments where convemtad monitoring
technologies face clear operational and regulatory limitations. In these contexts, the
combination of privacypreserving sensing, newisible infrastructure, and enhanced
situational awareness creates a distinct strategic advantage. Tpastisularly relevant in
environments where privacy requirements are stringent, where optical systems are
constrained by blind spots or architectural barriers, and where the consequences of security
failures carry substantial operational, financial, orugggional costs.

As a result, the proposed exploitation strategy prioritizes sectors in which these
characteristics are most critical. Primary target markets include airports and transportation
security environments, where reliable monitoring and rapid anomaly detectieressential;
museums and cultural heritage sites, where preservation requirements limit the deployment
of intrusive infrastructure; and restricted infrastructure or secure operational zones that
demand resilient, lowvisibility security architecture.

This strategic positioning is consistent with current investment trends in advanced security
technologies and aligns closely with the unique technical differentiation offered by RF
holography. Rather than functioning as a standalone replacement for exisyistems, the
technology is best understood as a complementary sensing layer withingeeetration
security ecosystems, enhancing the effectiveness, resilience, and intelligence of broader
monitoring infrastructures.

3.6. Competitive Landscape

The security and surveillance market is characterized by a highly fragmented technological
landscape composed of multiple complementary detection and monitoring solutions. No
single technology currently satisfies all operational requirements related targgcprivacy,
hidden deployment, realime monitoring, and nosine-of-sight detection. As a result,
modern security infrastructures increasingly rely on miayiered architectures combining
cameras, accesontrol systems, radar, RFID, motion sensoAd, analytics, and
environmental monitoring technologies [11], [24], [33].

Within this landscape, RF sensing based on static holography represents an emerging and
highly specialized sensing paradigm. Unlike traditional surveillance systems that rely
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primarily on optical visibility or tagged assets, RF holography reconstructs environmental
changes and object presence through analysis of ambient +faeimency reflections and
propagation disturbances [4], [5], [9]. This enables througtl sensing, kiden
deployment, and privacpreserving monitoring capabilities that are difficult to achieve using
conventional technologies alone.

The competitive landscape is therefore not defined by direct substitution, but rather by
overlapping and complementary functionalities across different technology categories. For
targeted application domains like airports, museums, cultural heritagetfasjlirestricted
infrastructure, and secure logistics areas, six principal competing technological groups can

be identified [11], [18], [24], [25], [33]:

A structured overview is provided below.

CCTV & Computer Vision Systems
RFID & Asset Tracking Systems
Radar & MillimetetWave Detection Systems
Motion & Environmental Sensors
AccesgControl & Biometric Security Systems

RF Sensing & VArBased Environmental Intelligence

Table 8 Competitive Landscape Overview

Key Players /

Catego Technology / Devices Typical Capabilities
gory ay yp p Examples
CCTV & Cameras, Al video Visual surveillance, facig Axis, Bosch, Hikvisig
Computer Vision [analytics, thermal imagir| recognition, object trackin Dahua, Sony
RFID & RFID tags, BLE tags, Asset localization, Zebra Technologieg
Asset Tracking UWB tracking inventory monitoring Impinj, Honeywell
Radar & mmWave Radar scanners, active | Motion detection, Vayyar, QinetiQ,
Systems imaging concealed object detectio Thruvision
Motion & . ,
. PIR sensors, occupand Presence detection, Honeywell, Siemens
Environmental . .
Sensors intrusion alerts Johnson Controls
Sensors

AccessControl &

Badge systems,

Identity verification,

NEC, IDEMIA, Ass

Biometrics fingerprint/iris recognitiorl restricted access control Abloy
. Passive RF sensing,| Throughwall detection,
RF Sensing & . g .g . Researctstage /
_ holographic passive environmental .
Static Holography, . . Emerging Market
reconstruction mapping
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3.6.1.CCTV & Computer Vision Systems

CCTV and Adnhanced video surveillance systems currently dominate the global security
market. These technologies provide ré@he visual monitoring, facial recognition,
behavioral analytics, and objettacking functionalities. Modern systems increasyngl
integrate artificial intelligence and clotlzhsed analytics to automate anomaly detection and
threat identification [24], [33].

Figure 4¢ CCTV & Computer Vision Systems

Typical Applications

This technology is widely deployed across a broad range of sectitical environments,
including airport terminals, public surveillance networks, museums, suoiiyrt
infrastructures, and critical infrastructure facilities. Its versatility and {stagding market
presence have made CCTV one of the most established and commercially mature
components of modern security ecosystems.

Key Market Players

Major industry players include companies such as Axis Communications, Bosch Security,
Hikvision, Dahua Technology, and Sony, all of which continue to invest heavignimaficed
surveillance capabilities.

Strengths

One of the principal strengths of CCTV and computer vision systems lies in their ability to
provide high levels of visual detail and strong forensic value. The direct visualization of events
allows security personnel to rapidly interpret incidents, whiledAven analytics can
automate monitoring tasks and improve operational efficiency. The mature nature of the
technology also enables broad interoperability with existing security infrastructures and
accesscontrol systems.

Limitations

Despite these advantages, conventional video surveillance technologies also present
important operational and regulatory limitations. Their effectiveness depends heavily on
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direct lineof-sight conditions, meaning that performance can degrade significantly in
environments affected by darkness, smoke, physical obstructions, or architectural
complexity. In addition, continuous visual recording also requires significant storage
capacity, network bandwidth, and ongoing datenagement resources. Finally, because
cameras and associated infrastructure are typically visible, they can unintentionally create
predictable monitoring gaps or blind spots that sophisticated intruders mpiogx

Privacy & Ethical Considerations

Camerabased systems raise major ethical and regulatory concerns because they
continuously capture personally identifiable visual information. In Europe particularly,
increasing restrictions on biometric surveillance and facial recognition are reshaping
deployment models [27],[28].

Strateqic Position vs RF Holography

RF static holography complements CCTV systems by covering hidden or obstructed areas
where optical systems fail. Unlike cameras, RF sensing can operate invisibly and without
recording identifiable imagery.

3.6.2.RFID & Asset Tracking Systems

RFIBbased systems are extensively used across industries for inventory tracking, logistics
coordination, baggage handling, and aspsitection operations. These technologies
operate through radigrequency identification protocols in which tagged objects
communicate with fixed readers positioned throughout an environment. Because of their
reliability and scalability, RFID systems have become a core component of modern supply
chain and assetanagement infrastructures. [35].

Figure 5 RFID & Asset Tracking Systems

Typical Applications

Typical deployment areas include airport baggégeking systems, warehouse and logistics
operations, museum asset management, inventoopntrol platforms, and secure supply
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chain environments where the movement and status of physical assets must be monitored
continuously.

Key Market Players

Major market participants in this sector include Zebra Technologies, Impinj, Honeywell, and
Avery Dennison, all of which provide largeale RFID and tracking solutions for industrial
and security applications.

Strengths

One of the principal strengths of RFID systems is their high level oftesda@hg accuracy

and their strong integration within existing logistics and suggbigin ecosystems. The
technology supports efficient inventory automation, enables rapid idexifon of tagged
objects, and can scale effectively across large operational infrastructures. These
characteristics have made RFID an industry standard for asset visibility and operational
efficiency.

Limitations

However, RFID systems also exhibit several structural limitations. Their operation depends
entirely on the presence of physical tags attached to assets, meaning they cannot detect
untagged objects, unauthorized items, or individuals moving within a mardtor
environment. In adversarial scenarios, tags may also be removed, damaged, or deliberately
tampered with, reducing system reliability. Furthermore, RFID platforms generally provide
only limited situational awareness, as they are designed primarily figcoldentification

and tracking rather than broader environmental sensing or behavioral analysis.

Privacy & Ethical Considerations

From a privacy and ethical perspective, RFID technologies typically raise fewer concerns than
camerabased surveillance systems because they focus on tracking tagged assets rather than
continuously recording individuals. Nevertheless, risks related tothoazed tracking, data
interception, or signal exploitation remain relevant, particularly in ksglurity or sensitive
operational environments.

Strateqic Position vs RF Holography

In comparison, RF holography offers a strategically different sensing model. By eliminating
dependence on physical tags and enabling passive environmental monitoring, RF holography
can detect movement, object displacement, and environmental changes even subjects

are uncooperative, concealed, or intentionally attempting to avoid detection. This capability
makes RF holography particularly valuable in security contexts where conventional asset
tracking approaches may be insufficient.
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3.6.3.Radar & MillimeteiWave Detection Systems

Radar and millimetewave imaging systems represent some of the closest technological
counterparts to RF holography within the broader security and sensing landscape. These
technologies operate by actively emitting radrequency signals to detect movemgn
identify concealed objects, or monitor environmental changes. Their ability to sense through
certain materials and identify hidden threats has made them particularly important in
advanced security and defense applications. [40], [42].

Figure 6 Radar & MillimeteitwWave Detection Systems

Typical Applications

Typical deployment areas include airport beghanning systems, perimetprotection
infrastructures, concealedeapon detection platforms, automotive sensing technologies,
and military or defens@riented monitoring systems.

Key Market Players

Prominent market participants in this field include Vayyar, QinetiQ, ThruyiammhRohde &
Schwarz, all of which develop advancedb@Bed sensing and detection solutions for
securitycritical environments.

Strengths

One of the primary strengths of radar and millimeteave systems is their ability to detect
movement and objects even when direct visual observation is obstructed. These
technologies provide high sensitivity to motion, strong objdetection capabilitiesand
effective performance in securigcreening scenarios where traditional optical systems may
fail. Their capacity for througbbstacle sensing makes them particularly valuable in
environments requiring concealetireat detection or enhanced situatiohawareness.

Limitations

Despite these advantages, radaased systems often involve substantial infrastructure
complexity and high deployment costs. Many solutions rely on active RF emission, which may
introduce regulatory challenges or operational concerns depending on the yleplat
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environment. In addition, installations are frequently visible and physically identifiable,
potentially limiting discretion in sensitive architectural or public settings. Effective operation
also typically requires sophisticated calibration and maintenapiceedures, increasing
implementation complexity.

Privacy & Ethical Considerations

From a privacy and ethical perspective, radar systems generally avoid the continuous capture
of visual imagery, reducing some of the concerns associated with camaseal surveillance.
However, bodyscanning technologies may still generate ethical conceelated to
perceived invasiveness, passenger acceptance, and public trust, especially in transportation
security environments.

Strategic Position vs RF Holography

Compared with these technologies, RF holography offers a distinct strategic differentiation
through its emphasis on passive sensing. Rather than depending on dedicated active
scanning infrastructure, RF holography leverages ambient ffagliuency environrants to

detect movement and environmental changes. This approach potentially reduces

infrastructure visibility, lowers operational intrusiveness, and enables more discreet

integration into sensitive or architecturally constrained environments.

3.6.4.Motion & Environmental Sensors

Environmental sensing technologies encompass a broad category of systems such as passive
infrared (PIR) detectors, occupancy sensors, vibration sensors, and conventional intrusion
detection devices. These technologies are widely deployed aseffestive security layers
designed to detect basic environmental changes or unauthorized movement within
monitored spaces [35]. Due to their simplicity, low power requirements, and ease of
integration, they are commonly incorporated into both commercial and indalsgs@curity
infrastructures.
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Figure 7¢ Motion & Environmental Sensors Systems
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Typical Applications

Typical applications include intrusi@abarm systems, building automation platforms, smart
building environments, and the monitoring of restricted or aceesstrolled areas. rms

Key Market Players

Major market participants in this sector include Siemens, Honeywell, Johnson Controls, and
Bosch, all of which provide integrated environmental sensing and buitdingrity solutions.

Strengths

The primary advantages of these systems lie in their relatively low infrastructure cost,
straightforward deployment processes, and compatibility with mature building
management ecosystems. Their low energy consumption and operational simplicity make
them dtractive for largescale deployments where basic monitoring functionality is
sufficient. As a result, environmental sensors are frequently used as foundational
components within broader layeresecurity architectures.

Limitations

However, these technologies also exhibit important limitations in terms of intelligence and
situational awareness. Conventional motion and occupancy sensors generally provide only
binary or lowlevel event detection and lack the capability to identify sfiecobjects,
behaviors, or contextual environmental changes. Falsem rates can also be relatively
high, particularly in dynamic or crowded environments. In addition, these systems are
typically unable to monitor through walls, architectural barrieos, visual obstructions,
limiting their effectiveness in complex spatial environments.

Strateqic Position vs RF Holography

In comparison, RF holography offers a substantially richer form of environmental sensing. By
enabling passive monitoring of movement patterns, spatial changes, and concealed activity,
RF holography can provide enhanced situational awareness that extengsdehe
capabilities of traditional occupancy or motiaetection technologies. This broader
environmental intelligence positions RF holography as a more advanced complementary
sensing layer within nexgeneration security infrastructures.

3.6.5.AccesgControl & Biometric Security Systems

Accesscontrol and biometric security systems are designed primarily to manage identity
verification and authorization processes through technologies such as badges, smart cards,
biometric authentication, and digital credentialing platforms [32]. Thesdegys play a
central role in modern physicakecurity architectures by regulating access to restricted
spaces and ensuring that only authorized individuals can enter protected environments.
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Figure 8 AccesgControl & Biometric Security Systems

Typical Applications

Typical deployment areas include airport restricted zones, government facilities, critical
infrastructure sites, and secure logistics or operational environments where strict identity
management is essential.

Key Market Players

Leading companies in this sector include NEC, IDEMIA, Assa Abloy, and HID Global, all of
which provide advanced authentication and acessmagement solutions for enterprise
and governmental security applications.

Strengths

One of the principal strengths of accesmtrol systems is their ability to provide strong
identity authentication and enforce regulated entry policies within sensitive environments.
These technologies are highly mature and benefit from extensive intiegratvith
enterprisesecurity infrastructures, workforemanagement systems, and regulatery
compliance frameworks. Biometric authentication methods, in particular, can significantly
strengthen identity assurance compared with traditional physical credenglaine.

Limitations

Despite these advantages, accesstrol technologies also present important operational
limitations. Their effectiveness is generally confined to controlled entry points, meaning they
cannot independently detect unauthorized presence, concealed moventerguspicious
activity occurring beyond established checkpoints. In addition, these systems remain
vulnerable to insider threats, credential theft, misuse of authorized access, or -social
engineering attacks that circumvent formal authentication processes.

Privacy & Ethical Considerations

From a privacy and ethical perspective, biometric systems are increasingly subject to
regulatory and public scrutiny due to concerns surrounding the collection, storage, and use
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of sensitive biometric data. Questions related to surveillance practices, consent, data
protection, and longerm biometricdata management have become central issues in both
regulatory and societal discussions.

Strategic Position vs RF Holography

Within this context, RF holography occupies a complementary strategic position rather than
a directly competing one. While accesantrol systems verify identity and regulate entry at
designated checkpoints, RF holography can extend monitoring capahiléigsd those
controlled boundaries by detecting unauthorized presence, concealed movement, or
unusual environmental activity within protected spaces. This complementary functionality
enhances overall situational awareness and strengthens layseedrityarchitectures.

3.6.6.RF Sensing, Static Holography, and Competitive Advantage

RF sensing based on static holography introduces a fundamentally different sensing
paradigm within the broader security and surveillance ecosystem. Unlike conventional
surveillance technologies that rely on cameras, wearable devices, physical tagsyer acti
user participation, RF holography reconstructs environmental conditions and object
presence through the analysis of ambient raffiequency reflections combined with
computational reconstruction techniques. This creates a unique strategic positioreat th
intersection of passive sensing, infrastructure intelligence, pripgiegerving monitoring,

and discreet security deployment.

Privacyby-Design and Ethical Compliance
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characteristics. In contrast to CCTV or biometric systems, RF holography does not inherently
capture facial imagery, audio recordings, or directly identifiable sk data. As a result,
technology significantly reduces many of the privacy and GeREed concerns associated

with traditional surveillance approaches and aligns with the growing demand for ethically
responsible and privaegreserving monitoring solutins.

Hidden and Invisible Deployment

Another important differentiator is the possibility of hidden and invisible deployment. RF
sensing infrastructure can remain concealed behind walls, ceilings, or architectural
structures, allowing monitoring systems to operate unobtrusively while redutiagisk of
tampering or deliberate circumvention. This capability is particularly valuable in
environments such as museums, airports, cultural heritage sites, or architecturally sensitive
facilities where visible security infrastructure may be undesirableperationally limiting.
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Non-Lineof-Sight Detection

RF holography also provides nlme-of-sight detection capabilities, enabling the monitoring

of environmental changes and movement even when direct visibility is obstructed. This
overcomes one of the principal limitations of optical surveillance technegogwhich
typically require clear visual access to monitored areas. By leveraging ambient RF
propagation, the technology can extend situational awareness into hidden or inaccessible
spaces that conventional camera systems may fail to cover effectively.

Passive and Ne@ooperative Sensing

In addition, the sensing model is inherently passive and-cawperative. The system does

not depend on badges, wearable devices, RFID tags, or any form of active participation from
monitored individuals or protected assets. This characteristic makes dodnblogy
particularly relevant in scenarios involving uncooperative subjects, concealed intrusions, or
environments where traditional tracking mechanisms may be impractical or vulnerable to
tampering.

Complementary Infrastructure Intelligence

Rather than functioning as a replacement for existing security technologies, RF holography
is strategically positioned as a complementary infrastruciatelligence layer. Its primary
value lies in enhancing existing surveillance and aeoassol ecosyems by adding
environmental awareness capabilities that can cover blind spots, hidden areas, and
operational gaps that conventional systems cannot fully address.

Strateqic Differentiation Framework

From a strategic market perspective, RF static holography can be evaluated across five
primary differentiation dimensions: privacy compliance, hidden deployment capability, non
line-of-sight detection, infrastructure complexity, and environmental intelige. Across
these dimensions, technology occupies a highly differentiated niche within the wider
surveillance market. Its strongest competitive advantage emerges not from displacing
existing systems, but from addressing structural limitations associated wsibility
constraints, privacy concerns, exposed infrastructure, and dependence on cooperative
sensing mechanisms.

3.7.Entry Barriers

This section consolidates the principal structural considerations shaping market entry for RF
sensing based on static holography in security and surveillance environments. Unlike
conventional security technologies that rely on cameras, wearable tagstive &canning
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systems, RF holographic sensing introduces a novel sensing paradigm capable of passive,
non-line-of-sight monitoring using ambient radfoequency signals.

The commercialization pathway is therefore influenced not only by technological maturity,
but also by infrastructure integration requirements, operational trust, procurement
practices, and regulatory acceptance. To evaluate these dynamics, the analygis ado
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security, surveillance, and critical infrastructure sectors.

The market is shaped by a complex ecosystem including Security system integrators, Airport
and transportation authorities, Museum and heritage operators, Smart infrastructure
vendors, CCTV and sensor manufacturers, RF hardware providers, Regulatory End pub
authorities.

Compared with masmarket surveillance technologies, RF static holography targets a more
specialized segment characterized by hsglcurity requirements, privaesensitive
environments, and operational blind spots where conventional systems exhibit iomgat
While this creates opportunities for differentiation, it also introduces substantial barriers
related to validation, procurement cycles, and institutional trust.

3.7.1.Threat of New Entrants

Technological Complexity and Infrastructure Integration (High Impact)

RF static holography requires advanced signal processing, computational reconstruction
algorithms, antenna engineering, and integration with existing security infrastructures.
Unlike standard CCTV systems or RFID solutions, holographic RF sensing relies on
reconstructing environmental changes from ambient raftequency fields, requiring
sophisticated calibration and environmental modeling.

The complexity of integrating the technology into operational environments such as airports,
museums, or restricted logistics areas creates a significant entry barrier for new competitors.
In particular:

- Realtime or nearreaktime environmental reconstruction remains computationally
intensive;

- Throughwall sensing requires highly optimized RF architectures;

- False positive mitigation is critical in security environments;

- Deployment conditions vary substantially across buildings and infrastructure layouts

Moreover, institutional buyers in airport security and cultural heritage sectors typically
require long validation periods, demonstration pilots, compliance certifications, integration
with existing surveillance ecosystems. This creates high switching aodtslows the entry

of inexperienced competitors [16], [28], [29], [30].

Mitigation Strategy

- Develop pilot projects with airports and museum authorities;
- Demonstrate operational value in restricted areas;
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- Focus initially on complementary deployment rather than replacement of existing
systems;
- Build partnerships with established security system integrators.

3.7.2.Bargaining Power of Suppliers

Dependence on Specialized RF and Processing Components (Moderate to High Impact)

RF holographic sensing systems depend on specialized hardware components including RF
transceivers, Antenna arrays, Signal acquisition modules, -&mlgputing processors,
FPGA/GPU acceleration platforms. The semiconductor shortages experienced globally
between 202@2023 demonstrated the vulnerability of advanced sensing technologies to
supplychain disruptions [46]. Security infrastructure vendors relying on-figguency RF
components face risks related to Supplier concentration, long lead times, rizingonent

costs, export restrictions on advanced electronics. In addition, some critical computational
capabilities may rely on specialized chipsets optimized for signal reconstruction and edge
inference.

Mitigation Strategy

Diversify RF hardware suppliers

Develop hardwaregnostic software architectures

Use modular infrastructure integration approaches

Prioritize partnerships with European and trusted semiconductor ecosystems

According to Deloitte and OECD infrastructure reports, supip@in resilience has become
a strategic priority for critical security infrastructure projects after the C@dDand
semiconductor crises [28],[41].

3.7.3.Bargaining Power of Buyers (Edder Acceptance)

Institutional Procurement Conservatism and Trust Requirements (Moderate to High Impact)

The primary buyers for RF holographic sensing are expected to be Airport operators, Security
authorities, Museums and heritage institutions, Critical infrastructure managers, Public
sector operators. These organizations are traditionally conservative apted) novel
surveillance technologies due to operational risk concerns, liability exposure, procurement
regulations, public scrutiny, cybersecurity requirements.

Unlike commercial consumer technologies, adoption decisions in these sectors are driven
less by novelty and more by reliability, compliance, operational continuity, false alarm
minimization, interoperability with existing infrastructure. Furthermore, mamstitutions

already rely heavily on CCTV systems, access control systems, RFID tracking, motion sensors,
security personnel.

As a result, RF sensing may initially face skepticism unless positioned as a complementary
capability solving specific operational blind spots.
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Mitigation Strategy

Position RF sensing as an augmentation layer rather than a replacement;
Emphasize privaegreserving monitoring;

Demonstrate operational advantages in nlme-of-sight environments;
Provide measurable pilot KPIs and validation datasets.

Studies on airport and infrastructure procurement consistently show that psielator
adoption cycles for security technologies are significantly longer than consumer technology
adoption cycles [16], [38].

3.7.4.Industry Rivalry (Existing Competitors)

Mature and Highly Competitive Security Ecosystem (High Impact)

The security and surveillance market is highly mature and dominated by established
technologies with strong incumbent vendors. Key competing technological groups include
CCTV and Al video analytics, RFID and asset tracking systems, radar and miiaveeter
sensing, thermal imaging systems, LiE@Red monitoring, smart motion detection systems
Major market players include companies like Hikvision, Axis Communications, Honeywell,
Bosch Security, Siemens, Dahua, Motorola Solutions. These companies beorefit fr
established customer relationships, large installed infrastructure bases, existing
maintenance contracts, integrated software ecosystems.

RF holographic sensing therefore enters a market where competitive pressure is not based
solely on functionality, but also on vendor trust, ecosystem compatibility, procurement
inertia, longterm support capabilities.

However, current competing technologies still exhibit structural limitations:

- CCTV requires lirgf-sight visibility;

- RFID requires tags and cooperative tracking;

- Thermal imaging struggles with object differentiation;
- Radar systems often lack spatial reconstruction detail;
- Cameras raise major GDPR and privacy concerns.

This creates a differentiated niche opportunity for RF holography.

Mitigation Strategy

Focus on operational blind spots where existing systems underperform;
Target privacysensitive and notine-of-sight scenarios;

- Integrate with existing surveillance architectures;

- Develop hybrid deployments with system integrators.

Industry analyses from MarketsandMarkets and Allied Market Research indicate that
security operators increasingly seek muldtyered sensing architectures rather than single
technology solutions [11], [24].
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3.7.5.Regulatory Barriers

Privacy, Security, and Ethical Compliance (Moderate to High Impact)

The ability of RF holographic sensing systems to operate through walls and hidden
infrastructures may also trigger additional ethical scrutiny regarding proportionality,
transparency, and acceptable use boundaries in public environments. The regulatory
landscape is particularly important in Europe (GDPR), airports and transportation security,
public cultural spaces, governmerdgulated infrastructure. Key concerns include data
minimization, monitoring transparency, ethical surveillance boundaries, cyhaisec
compliance, RF exposure regulations, and public acceptance.

Unlike CCTV systems, RF holography offers a major advantage because it does not inherently
capture personally identifiable visual information. This aligns strongly with European privacy
by-design principles [27]. However, because technology can operataughr walls and

hidden infrastructure, transparency and governance mechanisms become essential to avoid
concerns related to covert surveillance.

Mitigation Strategy

- IR2LJI at NAGF Oeé o6& 5SaAirdaye LINAYyOALX SaT
- Process data locally whenever possible;

- Avoid storage of reconstructable personal identity information;

- Develop transparent governance and ethical frameworks;

- Ensure GDPR and cybersecurity compliance from early development stages.

The European Commission and ENISA increasingly emphasize -prasaying sensing
technologies for smart infrastructure and public security systems [27], [47].

Table 9%¢ Summary of Key Market Entry Barriers

Dimension Barrier Impact Examples Mitigation Strategy

Technological RF reconstruction,

Threat of complexity and . : Pilot deployments,
. High environmental | )
New infrastructure calibration integrator partnership
Entrants integration

Dependence on

Supplier specialized RF and| Moderateg Semiconductor

shortages, RF Supplier diversificatio

Power semiconductor High .| modular architectures
hardware constraint
components
Institutional Complementa
Buyer conservatism and | Moderateg | Airports, museums, positioning ry
Power procurem_ent High public infrastructure operational validation
complexity
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Dimension Barrier Impact Examples Mitigation Strategy
Industry Mature survelllqnce . CCTV, RFID, radal Focus on operationa|
Rivalry ecosystem with High thermal imaging blind spots
incumbent vendors
GDPR, ethical Publicspace
Regulatory surveillance, Moderateg monitorr)in Privacyby-design and
Barriers cybersecurity High ng local processing
regulations

requirements
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4. Exploitation/Business Plag RF Holography in
the Surveillance and Security Market
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commercialization pathway for securgensitive environments. Unlike traditional
surveillance systems that rely on cameras, wearables, or active scanning architetttares,
proposed solution introduces passive -Bdsed environmental sensing and holographic
reconstruction as a new infrastructure intelligence layer for airports, heritage sites, and
critical public infrastructure. The commercialization logic is based oneddihg RF
holography capabilities into existing infrastructure ecosystems rather than deploying
standalone monitoring hardware. This approach minimizes operational friction, lowers
deployment complexity, and creates scalable integration opportunities adooth publie

sector and privatesector security markets.

The strategy focuses on three primary commercialization dimensions:

- Infrastructure Security Modernization
- PrivacyPreserving Situational Awareness
- Scalable Infrastructure Intelligence Services

4.1. Business Model Canvas

Business Model Canvas defines the strategic framework for commercializing RF holography
technology within airports, heritage environments, and smart infrastructure ecosystems.

The solution combines passive RF sensing, holographic environmental recoosiracii

Akdriven situational awareness to create a scalable infrastruesaeurity platform. Unlike

traditional surveillance architectures requiring dense camera deployments or active
a0FyyAyd OKSO(lLRAYyUGUaAZ | h[ 59 b (ésaddinfradnudtu@ey A Y G
environments, enabling continuous environmental awareness with reduced operational and
privacy burden. The business model combines technology licensing, infrastructure
integration, recurring analytics services, and strategic ptselator partnerships.
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providers

* Security system integrators
* Telecommunications
providers

* Smart city ecosystem
partners

* Research institutions and
universities

* Public-sector agencies

¢ Infrastructure operators
¢ Al and cloud technology
providers

* Heritage and cultural
organizations

development

* Al model training and
optimization

» Infrastructure integration
engineering

* Pilot deployment
management

» Infrastructure analytics
development

* Regulatory compliance
management

* Cybersecurity and privacy
protection

* Business development and
partnership expansion

* Continuous product
refinement and testing

KEY RESOURCES

infrastructure monitoring
* Passive RF holography
without cameras

* Real-time environmental
awareness and anomaly
detection

* Non-intrusive monitoring
for public and sensitive
spaces

* Scalable integration into
existing infrastructure
ecosystems

* GDPR-friendly sensing
architecture

» Situational awareness
without active participation
* Al-driven infrastructure
intelligence and analytics

* Smart infrastructure
modernization platform

partnerships

* Pilot-based onboarding and
validation

 Dedicated technical
integration support

* Strategic co-development
agreements

* Recurring software
maintenance and upgrades
* Analytics and Al
optimization

* Public-private innovation
collaborations

* Account management for
enterprise clients

CHANNELS

KEY PARTNERS KEY ACTIVITIES VALUE PROPOSITION CUSTOMER RELATIONSHIPS | CUSTOMER SEGMENTS
* Airport technology * RF holography algorithm * Privacy-preserving * Long-term infrastructure Primary:

* Infrastructure technology
integrators

* Airport operators and
airport authorities

* Heritage sites and
museums

» Critical infrastructure
operators

* Public security agencies

Secondary:
* Telecommunications

providers

* Security system integrators
» Facility management
companies

» Defense and civil protection
organizations

* Al and smart-building
solution providers

* Proprietary RF holography
algorithms

* Al-based sensing and
analytics models

+ Computational imaging
expertise

* Infrastructure integration
frameworks

* Research datasets and pilot
validation data

* Embedded RF sensing
know-how

* Regulatory and
cybersecurity expertise

* Strategic research
partnerships

« Intellectual property
portfolio

 Direct enterprise sales

* Infrastructure technology
integrators

* Smart city and public
procurement programs
 Strategic partnerships with
airport/security vendors

* Industry conferences and
trade fairs

* Pilot demonstration
projects

* Government innovation
initiatives

* Research and institutional
collaborations

« Digital marketing and
technical webinars

COST STRUCTURE

REVENUE STREAMS

= Research and development (R&D)

= Al and software engineering

= Infrastructure integration engineering
* Pilot deployment costs

* Sales and business development

* Regulatory and legal compliance

* Cybersecurity and data protection

* Cloud and analytics infrastructure

* Technical support and maintenance

« Infrastructure integration fees

* Technology licensing agreements

* Annual software subscriptions

* Al analytics and monitoring services

+ Maintenance and support contracts

+ Custom infrastructure deployment projects

« Consulting and integration engineering services
* Public-sector innovation funding projects

Figure ¢ Business Model Canvas RF Holography in The Surveillance & Security Market

4.1.1.Customer Segments

The commercialization strategy targets infrastructlegel stakeholders responsible for
securing and managing hig/alue public and institutional environments. The primary
customer segment consists of museums, cultural heritage institutions, and critical
infrastructure operators seeking advanced, privacgserving monitoring technologies
capable of improving security, situational awareness, and operational intelligence without
relying on intrusive camerbhased systems. These organizations operate in enments
where traditional surveillance technologies may create privacy concerns, architectural
limitations, or operational inefficiencies. Additional primary customer segments include
security system integrators, publgector infrastructure operators, aort and
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transportation infrastructure managers, and smdnilding operators. These stakeholders
increasingly require intelligent sensing solutions capable of supporting occupancy
monitoring, restrictedarea detection, behavioral analytics, and infrastructure pobion

while maintaining compliance with evolving privacy and cybersecurity regulations.
Secondary customer segments include security technology vendors, research institutions,
defense and surveillance integrators, insurance andmiskagement organizatits, and
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non-line-of-sight environmental sensing and advanced monitoring capabilities in complex
operational environments. This mulayered segmentation enablesboth direct
infrastructure deployments and strategic integration partnerships across the broader
intelligent security and smart infrastructure ecosystem.

4.1.2.Value Proposition

The core value proposition centers on privgoegserving environmental sensing and
intelligent monitoring enabled through RF holography technology. Unlike conventional
surveillance systems based on cameras or wearable devices, RF holography enablesreal
environmental reconstruction, occupancy monitoring, and movement detection without
capturing identifiable imagery or requiring user interaction. By leveraging computational RF
imaging and advanced sigraocessing algorithms, the solution provides doobus
situational awareness in complex environments while preserving user privacy and
maintaining compliance with GDPR and other emerging regulatory frameworks. This enables
organizations to deploy intelligent monitoring capabilities in highly sensitwér@nments

such as museums, cultural heritage facilities, critical infrastructures, and public institutions
where visual surveillance may be operationally or ethically problematic. The infrastructure
based nature of the technology enables Rimtrusive manitoring through walls, obstacles,

and visually restricted areas, supporting advanced security and operational use cases that
traditional surveillance technologies cannot easily address. The solution therefore creates a
unique balance between intelligent onitoring, privacy protection, and infrastructure
scalability. Additionally, RF holography systems can be integrated into existing- smart
building and security infrastructures, allowing operators to enhance monitoring capabilities
without fundamentally redsigning operational workflows. This positioning transforms RF
holography into a foundational sensing layer for nggneration intelligent infrastructure
environments.

4.1.3.Customer Relationships

The commercialization strategy prioritizes letegm institutional and infrastructure
partnerships rather than transactional hardware sales. Relationships begin with pilot
deployments, proobf-concept demonstrations, and infrastructure validation projects
These pilots allow infrastructure operators to evaluate RF Holography sensing performance,
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operational integration, environmental adaptability, and privacy compliance. Following
validation, relationships evolve into licensing agreements, 4ngn infrastructure
integration contracts, software maintenance agreements, and recurring analytics
sub<riptions. For publisector deployments, customer relationships are strengthened
through collaborative innovation programs, smart infrastructure initiatives, and public
private partnerships. The relationship model emphasizes trust, operational reliability
regulatory compliance, and lortgrm infrastructure modernization.

4.1.4.Revenue Streams

The revenue model combines infrastructure deployment, RF sensing hardware, software
analytics, and recurring service revenues to support {@mm scalability and financial
sustainability. Initial revenues are generated through the deployment of RF hplogra
infrastructures, including antenna arrays, RF switching architectures, softtedireed radio
platforms, synchronization layers, and Gewhbled reconstruction systems. Additional
deployment revenues are generated through installation, calibration,egrdtion
engineering, cybersecurity validation, and operational configuration services. Because RF
holography systems require environmespecific optimization and calibration procedures,
deployment and integration services represent a significant compooérearly project
revenues. Recurring revenues are generated through annual software licensing, Al analytics
subscriptions, infrastructure monitoring services, maintenance agreements, and periodic
system recalibration. These recurring services may inchateipancy analytics, anomaly
detection, movement reconstruction, restrictearea monitoring, operational reporting, and
edgeAl environmental analysis. Additional revenue opportunities may emerge through
enterprise support contracts, system upgrades, nasilie infrastructure management, and
integration services with thirgharty security or smarbuilding platforms. The resulting
business model combines relatively high initial infrastructure contract values with
progressively expanding recurring revenuegiothe operational lifecycle of deployed
infrastructures. This hybrid hardwassftwareservice architecture improves loAgrm
revenue predictability, increases customer retention through infrastructure integration, and
creates high switching costs ondeployments become operationally embedded within
existing security ecosystems.

4.1.5.Key Resources

The competitive advantage of the business model relies on a combination of proprietary RF
holography technologies, computational imaging expertise, and deployment infrastructure.
Core technological resources include advanced RF sensing algorithms, emvitahm
reconstruction models, antenna array architectures, softwdefined radio systems, and
GPUbased processing platforms capable of generatingfigglity environmental sensing
outputs. Additional key resources include RF calibration methodologgsalprocessing
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software frameworks, Albased activity recognition models, and proprietary environmental
datasets used for system optimization and training. Mechanical integration systems,
installation knowhow, and deployment engineering expertise also represent critical
operational assets. Noetechnical resources include intellectual property portfolios,
regulatory compliance frameworks, strategic industry partnerships, and validated pilot
deployment data. Together, these resources create significant technological anatiopal
barriers to entry while supporting scalable commercialization.

4.1.6.Key Activities

The primary operational activities focus on continuous refinement of RF holography
algorithms, environmental reconstruction models, and deployment methodologies. Ensuring
accurate sensing performance across diverse operational environments requires ongoing
optimization of signaprocessing pipelines, calibration procedures, andv@ded analytics
models. Additional activities include RF system installation, infrastructure integration,
environmental calibration, GPU optimization, hardware validation, and layepent
engineering. Pilot deployment management and reakld performance testing also
represent critical activities supporting commercialization and customer adoption. Business
development activities focus on strategic partnerships with infrastructuperators,
security integrators, publisector organizations, and smastiilding ecosystem providers.
Continuous product improvement based on operational feedback ensures that the system
evolves in line with emerging infrastructure security requirements aechnological
advancements.

4.1.7.Key Partnerships

Strategic partnerships play a central role in accelerating deployment and reducing
commercialization barriers. Key partners include security system integrators, infrastructure
engineering companies, RF hardware suppliers, GPU and computing providersmatid s
building technology vendors. Partnerships with museums, cultural heritage organizations,
and public infrastructure operators support pilot validation and operational adoption iR real
world environments. Collaboration with research institutions andvarsities further
strengthens technological credibility and supports continuous innovation in RF sensing and
computational imaging. Additional strategic relationships with cybersecurity providers,
regulatory advisors, and infrastructure maintenance compargnhance interoperability,
compliance readiness, and lotgrm operational sustainability. By embedding RF
holography within existing infrastructure ecosystems, the solution benefits from accelerated
adoption and improved scalability.
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4.1.8.Cost Structure

The cost structure associated with the commercialization of RF holography for infrastructure
security reflects the characteristics of a detgh infrastructure solution operating within
highly regulated and integratiemtensive environments. Unlike conser-oriented digital
services, deployment economics are strongly influenced by hardware integration, system
interoperability, infrastructure calibration, certification requirements, and long
procurement cycles typical of airport, transportation, and cakiofrastructure markets.

The overall cost structure combines four principal categories:

Infrastructure Integration & Deployment Costs

Deployment costs represent one of the largest components of the commercialization model.
These costs include RF hardware integration, senstug installation, calibration
procedures, infrastructure mapping, edgemputing deployment, interoperability
valdation with existing surveillance systems, and integration engineering activities
performed together with system integrators and infrastructure operators. In airport and
criticakinfrastructure environments, deployment complexity is amplified by operation
continuity requirements, restricteédrea access constraints, and infrastructspecific
customization needs.

Certification, Compliance & Cybersecurity Costs

Commercial deployment within securigensitive environments requires substantial
investment in certification and compliance activities. These include electromagnetic
compatibility (EMC) validation, spectrum compliance, cybersecurity testing, GDPR/privacy
compliance assessments, penetration testing, infrastrucieeurity certification, and
publicsector procurement qualification procedures. In transportation and airsecdurity
environments, certification and validation activities may represent a sulisigoortion of

early deployment expenditures.

Operational & Commercial Costs

Operational costs include software maintenance, cloud and edge analytics support,
infrastructure monitoring, cybersecurity updates, technical support, field maintenance, and
customerservice operations. Commercial expenditures include fgtoject support public
procurement participation, strategic partnerships with system integrators, business
development, and longycle infrastructure sales activities. Because airport and public
infrastructure procurement cycles are typically long and relationshipen, commercial
acquisition costs are expected to remain relatively high during early market penetration
phases. Overall, the commercialization strategy prioritizes modular deployment
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architectures and integration into existing infrastructure ecosystems in order to
progressively reduce deployment and operational costs as commercialization scales.

4.2.Revenue Model & Financial Architecture

The financial architecture is designed around infrastruciutegrated RF holography
deployments combining hardware installation, software licensing, Al analytics subscriptions,
and longterm maintenance services. Unlike lightweight softwardy sensingolutions, RF
holography requires dedicated sensing hardware, computational imaging infrastructure, and
environmentspecific calibration procedures. The business model therefore combines initial
infrastructure deployment revenues with recurring analytiogintenance, and software
service contracts. Despite higher initial deployment CAPEX compared to conventional
surveillance technologies, the model benefits from:

- Highvalue institutional deployments

- Long operational lifecycle contracts

- Recurring software and maintenance revenues

- Strong technological differentiation

- High switching costs after infrastructure integration

- Privacypreserving sensing capabilities aligned with emerging regulatory trends

4.2.1.RF Holography System Architecture & Deployment Model

The HOLDEN RF Holography platform differs substantially from conventional sedtware
sensing solutions because it requires dedicated RF hardware, distributed sensing
infrastructure, and computational imaging architectures. Unlike conventional sunasllan
systems relying primarily on optical cameras or passive motion sensors, RF holography
systems require coordinated antenna arrays, RF switching architectures, sofiefned
radios, distributed synchronization layers, GPased reconstruction procesgn and
calibration procedures. The current system architecture includes iscgée antennganel
arrays, RF switching and synchronization boards, softdafmed radio transceivers,
microcontrollerbased synchronization units, Gfeldabled edgeprocessingworkstations,

RF cabling infrastructure, mechanical mounting systems, and calibration and depleyment
engineering frameworks. The architecture follows a modular deployment model designed to
support adaptation across different infrastructure scales and apenalsecurity
environments. Indicative Bill of Materials estimates are summarized in Table 10.
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Table 1Q; Estimated RF Holography Bill of Materials

Component Function Estimated Cost
Antenna Array Panels RF sensing surface € ych50 per panel
RF Switching Boards | Signal routing & synchronizatio € M p4A0
SDR Receiver [ Transceivg RF acquisition & transmission € 0 g8A0
: . RF reconstruction & Al
GPU Processing Unit . € M ©g8.000
processing
. Timing & synchronization
MCU / Control Unit g & sy € pcas0
control

RF Cabling & Connectors| Signal transport infrastructure € p g2r000

Mechanical Mounting

Installation support € 3000
Structures PP PAa
Calibration & Deployment ) ) . .
. ploy System calibration & installatiof € H ®qlLG1000
Services

Based on deployment scale and infrastructure complexity, a complete RF holography
Ayaidlttlraazy A& SAGAYIFIGSR  dEH NI YF2NI BANE Y |
SYGANRY Y Gyl ET2N|YSRAdzZY AyadAaddziazylf RSLI 2
large-sale infrastructuresecurity deployments. Deployment costs vary depending on
sensing coverage requirements, infrastructure integration constraints, calibration precision,
cybersecurity compliance, and distributed processing requirements. Typical deployment
configurations include small pilot installations for sinrgbem monitoring, mediurrscale

institutional deployments for museums and secure operational environments, and-large

scale deployments for airports, transportatisecurity infrastructures, and miHzone

public infrastructures. The modular architecture additionally supports progressive
infrastructure scaling through additional antenaaray layers, distributed GRpfocessing

nodes, edgeéAl processing infrastructures, and mwdtine environmental reanstruction

systems.

4.2.2.Pricing Logic

The commercialization model combines eir@e infrastructure deployment revenues with

recurring annual software and maintenance revenues generated from deployed
infrastructures. While initial deployments generate most revenues during early
commercializatio phases, recurring revenues progressively increase as the installed
infrastructure base expands. To maintain a simple and realistic pricing structure, recurring
revenues are primarily generated through annual software licensing and maintenance
agreementsRecurring revenues are conservatively estimated as a percentage of the initial
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deployment value and are expected to generate stable {@mmg income with relatively

limited incremental operational costs.

Table 11¢ Estimated Revenue Structure

Revenue Stream

Indicative Pricing Logic

Annual software licensing| ~10% of initial deployment value annually

Maintenance & support
agreements

~5% of deployment value annually

Calibration & optimization
support

Optional periodic service contracts
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This recurringevenue structure supports increasing contribution margins over time
because most engineering, calibration, and deployment costs are incurred duringttak i

installation phase, while recurring software and maintenance revenues require relatively
limited additional operational effort. As a result, installed infrastructures progressively
accumulate recurring annual revenues over their operational lifecycl

The operational cost structure reflects the engineeringgnsive and infrastructure

integrated nature of RF holography commercialization within

aiqserurity,

transportation, museum, and publiofrastructure environments. Unlike pure software
businesss, commercialization requires a combination of dedicated RF hardware
infrastructure, distributed sensing architecture, deployment engineering, cybersecurity
validation, and londerm technical support. The overall cost structure is divided into fixed
operational costs, variable deployment costs, and commercialization and scaling costs.
Indicative annual fixed operational costs are summarized in Table 12.

Table 12; Estimated Annual Fixed Operational Costs

Fixed Cost Category

Annual Fixed Cost

RF sensing & Al software R&D

ecpni

Engineering & technical personnel eppni
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Cloud / edge software infrastructure € MH N |
Cybersecurity & compliance maintenang eMy ni
Business development & partnerships € HH N
Administrative & operational overhead eMy ni
Total Estimated Annual Fixed Cost e MdPhpna

The largest fixegtost components are expected to include RF algorithm development,
distributed sensingsystem integration, GPU reconstruction optimization, cybersecurity
activities, and deploymersupport personnel. Variable deployment costs scale
proportionally with deployment complexity and infrastructure requirements. Estimated
deployment economics are summarized in Table 13.

Table 13; Estimated Variable Deployment Costs

Cost Element Museum Airport

Deployment Deployment

RF hardware & sensing infrastructure e Hp €T ni

Edgecomputing infrastructure € mn i eopli

Installation & calibration € HnN{ ey ni
Integration engineering eHp e mnni

Certification & compliance e mni enni
Total Variable Deployment Cost € pni €EOHpPI]

4.2.4.Contribution Margin

Early deployments remain engineering intensive because they require infrastructure
integration, calibration activities, interoperability validation, and cybersecurity certification.
Consequently, contribution margins during early commercialization phaseain relatively
moderate, with medium institutional deployments generating margins of approximately 25%
and airportsecurity deployments generating margins of approximately 28%. As deployment
methodologies become increasingly standardized and the indtalérastructure base
expands, recurring software licensing and maintenance revenues progressively improve
overall profitability. These recurring revenues scale across already deployed infrastructures,
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require limited additional hardware costs, and generate lower operational overhead
compared with new deployment activities. As a result, early commercialization phases
remain primarily deploymentiriven, whereas mature commercialization phases
progressivel become recurringevenuedriven. In mature commercialization conditions,
recurring revenues are expected to represent approximatelg48%6 of total annual
revenues, significantly improving operational leverage, financial predictability, and long
term prdfitability.

4.2.5.BreakEven Analysis

The breakeven analysis reflects the long commercialization cycles and infrastructure
intensive economics typical of airpesecurity, transportation, museum, and public
infrastructure markets. Unlike conventional softwawaly businesses, RF holography
commercialization requires substantial upfront investment associated with RF hardware
industrialization, calibration optimization, distributed sensing integration, cybersecurity
validation, operational certification, and infrastructure deployment engineering
Procurement and validation cycles within airpgecurity and publiénfrastructure
environments typically require approximately ¢4 months for technical validation,
cybersecurity assessment, procurement approval, interoperability testing, and opeahtio
certification procedures. As a result, early commercialization phases are characterized by
relatively high operational costs and limited initial revenues while pilot deployments and
infrastructure demonstrations are completed. The first industrial caroralization phase is
SELISOGSR G2 NBIdzANBE G201t AyoSadySyda 27
Indicative investment allocations are summarized in Table 14.

Table 14c Estimated Investment Allocation

Investment Category Estimated Investment
Core RF/AIl product industrialization e Mmdp a
Pilot deployments & demonstrations e Mmdna
Certification, EMC & cybersecurity validation ecnnij
Commercial development & procurement suppo ecnnij
Infrastructure integration ecosystem developmer eynnij
Total Estimated Investment en®dpa
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The commercialization model assumes a partnersiipen goeto-market strategy involving
airport-security integrators, transportatiosecurity stakeholders, smamfrastructure
operators, infrastructuresystem partners, and pubtgecurity ecosystem integtors.
Revenue generation is expected to progressively evolve from engindatengsive pilot
deployments toward larger infrastructurgecurity installations and recurring revenues
associated with software licensing, infrastructure analytics, operatior@htenance, and
multi-site support agreements. To account for uncertainty associated with procurement
cycles, infrastructure adoption dynamics, and deployment scaling, three commercialization
growth scenarios were evaluated.

Conservative Commercialization Scenario

The conservative scenario assumes relatively slow procurement cycles, limited deployment
acceleration, and gradual ecosystem adoption primarily driven by pilot projects and small
to-medium infrastructure deployments.

Table 15 Conservative Commercialization Scenario

New
Recurrin Total ,
Year Deployment g Total Cost | Profit/Loss
Revenue Revenue
Revenue
Year 1 endca end®na endcgdg emMmPryg -€emMDPMm
Year 2 e MPma endna emMdPpg emdPdpg -€ndn
Year 3 EH®PNa emMm®dPna e€eodPng e€eHDPPg € nDdPME
Year 4 eo®dna emMmdya endyqg eodPyg emdnsg
Year 5 endna EHDPpa ecdPpgdg endPpg €HDNE

Under this scenario, operational breaken is expected near the end of Year 3 or early Year
4, primarily supported by selective airpesécurity deployments, medium institutional
projects, and gradual growth of recurring maintenance and software revenues.

Moderate Commercialization Scenario

The moderate commercialization scenario assumes progressive infrastructure adoption,
successful lighthouse deployments, stronger integrator partnerships, and increasing
recurring software and maintenance revenues after initial pilot validation.
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Table 16c Moderate Commercialization Scenario

New
Recurrin Total ,
Year Deployment g Total Cost | Profit/Loss
Revenue Revenue
Revenue
Year 1 e ndya endna €ndPy g eEMPYy g -emdPn
Year 2 e Mm®dPc a endna € HDPNG EH®PHY -en PH
Year 3 eodna e M®PH a €en ®PH g € 0dPp 3 €ENPT 8
Year 4 en®pa EHDPpa e€eT®dPng e€endyg €HODHE
Year 5 ecdPna endna e€emndn ecPHYg €0Dy4g

Under this scenario, operational breeken is expected during Year 3 through a combination

of airport-security deployments, medium institutional deployments, accumulated recurring
software licensing revenues, and maintenance agreements associated witloyddp
infrastructures. By Year 5, recurring revenues are expected to represent approximately 40%
of total annual revenues, thereby improving operational leverage, financial predictability,
longterm profitability, and revenue stability independently frorew deployment volumes.

This revised financial structure is more closely aligned with the pricing logic, contribution
margin evolution, recurringnaintenance assumptions, and lotgym infrastructureservice
strategy described throughout the commercializatimodel.

RF Holography Business Forecast (5 Years)
16
I Revenue
14 1 Total Costs
17 - B Profit

10

€ Millions
|

|

Year 1 Year 2 Year 3 Year 4 Year 5

Figure 1@ Five years revenue/cost/profit forecast for moderate growth scenario
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PartnershipDriven Scaling Scenario

The partnershigdriven scaling scenario assumes successful lighthouse deployments, strong
ecosystem credibility, accelerated procurement support through infrastrueseeurity
integrators, and rapid expansion of recurring software and analytics revenues.

Table 17 PartnershipDriven Scaling Commercialization Scenario

New
Recurrin Total .
Year Deployment g Total Cost | Profit/Loss
Revenue Revenue
Revenue
Year 1 e mMmdn a endna e MPn 3 eEMPPpg -€ndPh
Year 2 €EHPMa ENdT A € HDPyY § € HdPC 3 € N DH 4
Year 3 € 0Py a EMPT a €EpPpg €N PN 3 EMPp &
Year 4 €EpdPya € 0 PH a € pdn g €Ep Ppd € 0dp e
Year 5 ey dna epPna e€modn ET DN 3 € C dnd

Under this scenario, operational breaken is expected between Years 2 and 3 as recurring
revenues progressively increase and deployment methodologies become increasingly
standardized. Lonterm profitability improves substantially because recurring saftgvand
analytics revenues scale faster than deployment costs and infrastrustoerity
partnerships reduce customecquisition complexity.

4.3. Market Entry Roadmap

The marketentry strategy follows a phased infrastructutemmercialization approach
designed to progressively validate the technology, reduce deployment risk, and establish
strategic positioning within intelligerdecurity ecosystems. Because airpsecuity and
publicinfrastructure markets are characterized by long procurement cycles, high compliance
requirements, and integration complexity, commercialization initially focuses on pilot
validation, lighthouse deployments, ecosystem integration, and sgiatpartnerships with
infrastructuresecurity integrators. The roadmap prioritizes operational reliability,
cybersecurity and regulatory compliance, interoperability with existing surveillance
infrastructures, and indirect commercialization through trustecosystem partners. Rather
than pursuing rapid massarket deployment, the strategy emphasizes controlled scaling,
deployment credibility, and progressive integration into existing infrastruetgeurity
architectures.
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4.3.1.Phase X Pilot Validation & Infrastructure Demonstration (2
Months)

The first commercialization phase focuses on technical consolidation, operational validation,
infrastructure demonstration, and pilot deployment preparation. Activities include RF
sensing validation in operational environments, p#oale RF holography pleyments,
cybersecurity and GDPR compliance validation, calibration optimization, distributed
synchronization testing, and interoperability assessment with existing infrastructure
security systems. This phase additionally focuses on validating deploynethbdologies

and operational reliability under reaborld environmental conditions. The primary objective

is to reduce perceived deployment risk among infrastructure operators while establishing
initial strategic relationships with airport operators, trgportationsecurity stakeholders,
museums, and publimfrastructure organizations.

4.3.2.Phase z; Early Commercial Deployment (P2 Months)

The second commercialization phase focuses on selective commercial deployments,
infrastructureintegrator partnerships, and the establishment of initial recurrgggvice
revenues. Commercialization during this phase remains intentionally selective and
partnershipdriven to minimize operational complexity while improving deployment
maturity and ecosystem credibility. Key target environments include transportséaurity
operators, museums and heritage infrastructures, smariding environments, and
controlled airportsecurity pilot deployments. Activities include selective infrastructure
deployments, optimization of calibration frameworks, maintenance and support
agreements, deployment automation improvements, and integration into broader
situationatawareness platforms.

4.3.3.Phase %, Infrastructure Scaling (248 Months)

The third commercialization phase focuses on selective infrastructure scaling through
lighthouse deployments and strategic partnerships with major infrastruetaeurity
providers and smasinfrastructure operators. At this stage, core deployment methoddas

and interoperabilityvalidation procedures are expected to have been validated during
earlier phases, enabling commercialization efforts to progressively shift toward deployment
scalability and recurring infrastructwservice revenues. Commercialogith during this
phase is expected to be driven increasingly through indire¢bgoarket channels involving
established infrastructuresecurity companies capable of supporting deployment,
certification, operational maintenance, and muiégion scaling etivities.
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4.3.4.Phase 4, Ecosystem Consolidation (88 Months)

The final commercialization phase focuses on consolidating the RF holography platform as a
recognized infrastructuréntelligence technology within broader smagécurity ecosystems.
Commercialization is expected to rely increasingly on recurring softheamesing, analytics
service revenues, loAgrm maintenance agreements, ecosystem partnerships, and
infrastructuremanagement integrations. As commercialization matures, the platform may
additionally support applications involving occupancy analysisastrfrctureutilization
monitoring, anomaly detection, and distributed environmental intelligence across
transportation, smarbuilding, and publisecurity environments.

4.3.5.Intellectual Property Strategy

The intellectuaproperty strategy combines patent protection, proprietary software
frameworks, RF holography architectures, calibration methodologies, algorithmic-know
how, and infrastructure integration expertise to establish ldagn competitive
differentiation within RF sensing and infrastructesecurity markets. Protection activities
focus on RF holographic reconstruction algorithms, distributed sensing architectures,
privacypreserving RF sensing methodologies,-agdisted environmental analytics,
synchronization methodologies, and edgeocessing optimization techniques. In addition to
formal patent protection, competitive differentiation is expected to derive from deployment
know-how, interoperability frameworks, operational reliability methodolegji and
infrastructure integration expertise developed through readrld deployments.

4.3.6.Capital Strategy and Funding Requirements

The commercialization strategy follows a staged cajailalcation approach aligned with the
progressive maturation of the technology and the long procurement cycles associated with
airport-security and publiénfrastructure markets. The initial commergzdtion phase is
SELISOGSR (2 NBIdZANB | LIINREAYIFIGSt& endpa 20¢
toward RF holography product industrialization, pilot deployments, cybersecurity
certification, calibration optimization, infrastructure integrationcasystem partnership
development, and commercial expansion activities. Potential funding sources include
European innovation programs, strategic industrial partnerships, infrastrucecerity
innovation funds, venture capital specialized in deeph andintelligent infrastructure, and
co-development agreements with infrastructwsecurity integrators. The staged funding
strategy reduces financial exposure during early commercialization phases while preserving
longterm scalability and strategic flexilbyli
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4.4. Marketing and Communication

The marketing strategy positions RF Holography innovation as a-geagtration
infrastructure intelligence platform, rather than a traditional surveillance provider.
Communication focuses on privapyeserving monitoring, passive infrastructure sensing,
operational resilience, and smart infrastructure modernization.

4.4.1.Positioning Strategy

Core positioning pillars are privapyeserving infrastructure intelligence, passive
environmental awareness, infrastructureide situational analytics, Alriven operational
optimization, and smart infrastructure modernization. The positioning differéesigthis
innovation from cameraentric surveillance systems, biometric analytics platforms, and
active scanning infrastructures.

4.4.2.Market Penetration Activities

Strategic demonstrations in pilot showcases in airports and heritage environments, industry
conferences. Participation in Smart City Expo, Passenger Terminal Expo, other relevant
technological trades and critical infrastructure events. PuBBctor Engageent
participating in innovation calls, smart infrastructure initiatives, and EU digital infrastructure
programs. White papers, technical demonstrations, webinars, and infrastruseoerity
publications. Strategic Gdarketing communication with infrasficture integrators, airport
technology providers, and smart infrastructure partners.

4.5. Strategic Commercial Conclusion

The exploitation strategy demonstrates a scalable commercialization pathway for RF
holography within the infrastructure security and smart infrastructure markets. The business
model combines strong technological differentiation, recurring software revenues
infrastructuredriven scalability, and privagyreserving monitoring capabilities. By avoiding
dependence on camerheavy surveillance architectures, wearable ecosystems, or
checkpointcentric infrastructure, RF Holography creates a differentiated msitiithin the
emerging market for intelligent infrastructure sensing. The phased deployment roadmap
reduces technical and commercial risk while enabling progressive expansion across airports,
heritage environments, and broader critical infrastructure estsgns. Overall, the strategy
establishes a defensible and scalable foundation for transforming RF holography inte a long
term infrastructure intelligence platform. Although RF holography deployments involve
higher initial installation complexity and inBaucture CAPEX than traditional software
centric sensing solutions, the technology addresses market segments where privacy, non
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line-of-sight sensing, and advanced environmental reconstruction capabilities provide
unique strategic value.

This positions the innovation not as a replacement for conventional surveillance systems,
but as a complementary higéalue infrastructure intelligence layer for environments where
traditional optical sensing technologies face operational or ethical liroita.
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5. Market Analysisg Elderly Care

5.1. SWOT Analysis

The aim of the assessment is to determine the potential ofs&¥sing technology for
enhancing elderly care. This analysis will highlight the unique advantages of RF sensing, such
as its noninvasive monitoring capabilities, and identify possible challengecluding
technological limitations or adoption barriers. Additionally, we will explore external factors
that could influence the successful implementation of this technology in elderly[48te

[49], [50] The findings will provide clear guidancelmw to effectively integrate RF sensing

technology to improve the quality of care and responsiveness for elderly individuals.

Strengths

Opportunities

RF sensing systems can detect falls with up to 98%
accuracy without any other wearables.

Passive Wi-Fi sensing technologies can monitor vital
matrix with 87% accuracy.

Tele homecare with RF sensing saves cost $63 per
patient by reducing rehospitalization.

loT applications, including RF sensing, support
independent living for the elderly, making it an
affordable option.

Environmental changes, like moving furniture or
adding obstacles, can disrupt signals, reducing
sensing accuracy by up to 30%.

Only 13% of adults 50+ use technology for health
management, despite 69% having chronic
conditions.

Approximately 47% of older adults express concerns
about data privacy.

Standard RF sensing devices have a 10-meter range,
requiring multiple units for larger areas.

@

= By 2030, 1in 6 people will be over 60; by 2050,
this doubles to 2.1 billion, highlights the need for
RF technology to monitor health metrics.

= Falls in the US cost $50B (non-fatal) and $754M
(fatal), highlighting RF sensing's market potential.

= 80% of older adults prefer non-intrusive
monitoring over wearables/camera for comfort
and ease.

)

Threats

Q 60% of healthcare data breaches stem from loT

devices, raising regulatory concerns.

= |nitial RF sensing system setup costs exceed
$10,000 per unit, limiting adoption in eldercare
facilities.

= Approximately 40% of RF sensing systems are
vulnerable to cyber-attacks.

®* 65% of RF sensor data in healthcare is redundant,
hindering analysis and decision-making.

= Technological Obsolescence.

Figure 11 SWOT Matrix for the Elderly Care Market

5.1.1.Strengths

RF sensing technology offers several key strengths that position it as a highly promising

solution within healthcare, particularly for elderly care and monitoring systems:

o Market Potential: RF sensing technology offers high novelty with strong market
potential. It can accurately detect falls (98%) and monitor vital signs (87%) without

wearables, making it an attractive solution for healthca#][[52].
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6 Autonomy and Integrability: The technology operates 100% autonomously,
requiring no wearables, and integrates seamlessly into existing loT systems,
supporting scalable healthcare applicatiob8]| [54].

o CostEfficiencywC &Sy aAiy3d NBRdAzOS&a KSItGKOFNB O2ai

0SSt SK2YSOFKNB | YR e-elated@osts i he Y.S., Hgmoristyatyhgzl f
its financial viability35)].

o Ethical DesignThe nonintrusive nature of RF sensing technology aligns with the
growing demand for privaegonscious solutions, especially for the elderly who prefer
non-wearable monitoring $6).

6 Healthcare ExpansianVNith an aging population (projected to double by 2050 and in
the United States, the number is projected to increase from 58 million in 2022 to 82
million by 2050, a 47% increase), RF sensing can support elderly independent living,
positioning it as a ketechnology for future healthcare needs7].

5.1.2.Weaknesses

While RF sensing technology offers numerous advantages, several weaknesses could hinder
its widespread adoption and deployment in healthcare settings:

6 Precision and ReliabilityEnvironmental changes (e.g., furniture movement) can
reduce signal accuracy by up to 30%, affecting system performégge [

6 Limited Data ControlRF sensing systems often rely on thpatty cloud services,
which can compromise data security and user control over sensitive health
information [59].

8 High Setup Costst Y AGAl f aSidzLd O2aiG4a8 SEOSSRAYS
especially in eldercare facilities with tight budgedg]|

6 Technical LimitationStandard RF sensing devices have -m&€er range, requiring
multiple units for larger area$]].

5.1.3.Opportunities

RF sensing technology is poised to capitalize on several opportunities within the healthcare
market, driven by both demographic trends and advancements in technology:

o Aging Populationby 2030, one in six people will be over 60, increasing the demand
for healthcare solutions like RF sensing to monitor health metrics and reduce risks
[62], [63], [64].

6 Fall Detection and Cost Saving?F sensing technology can significantly reduce the
FAYFYOALET AYLI OG 2F TFrfftaz 6KAOK Ozal
market potential 5.
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6 NonIntrusive Monitoring: 80% of older adults prefer nemtrusive monitoring
methods, making RF sensing an ideal solution for elderésie [
o loT Integration: wC aSyaiay3aQa O2YLI GA0AfAGE HAGK
commercialization and scalability across healthcare applications, from private homes
to healthcare institutions.
o Telehomecare ExpansioorwC aSyaAy3a Oly NBRddzOS NBK2aLy
patient) and support independent living, presenting significant -sasting
opportunities for healthcare systems.

5.1.4.Threats

Despite the promising opportunities, RF sensing technology faces several threats that may
impede its adoption and development in the healthcare sector:

o Data Security Riskswith IoT devices being a major source of healthcare data
breaches (60%), RF sensing systems face significant data security and privacy
challengesg7].

6 Regulatory Concernstrict healthcare regulations, such as HIPAA and GDPR, present
compliance challenges for RF sensing systems, especially in terms of data handling
[68].

6 Low Adoption Readines®espite the high prevalence of chronic conditions in older

adults (69%), only 13% use technology for health management, signaling a gap in

technology adoption.

6 Vulnerability to CyberAttacks:40% of RF sensing systems are vulnerable to eyber
attacks, which could undermine trust and limit adoption in healthc&f. [

6 Environmental ChallengesSignal disruption due to environmental changes and the
need for multiple units to cover large areas (limited range of 10 meters) may hinder
system effectivenes$8], [61].

5.2. Market Size Analysis

This section evaluates market potential to provide ddteven insights into commercial
GAFOoOAtAGEDd ¢KS Df2olf | SFIEUGKOFNBS YIN]JSGzZ @I
diverse industry, and within the global healthcare industry, ltbagterm Care and Assisted

Livingi SAYSyid NBLINBaSyida | aA3IyAFAOIYy(d LWENIA2Y
| 26 SOSNE SELX 2NAYy3I Y2NB WYyAOKS yR | 0O0S&a&aAro
for leveraging RBensing technology. Upon narrowingwin the market, we observe several

key segments within the broader healthcare ecosystem.
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J

Figure 12: Elderly Care Market Size

¢KS S5A3IAGEHE | SIfGK YIFING &hioad sgehce, atebvirthir the digitalH 0 0
health technologies market, the Ambient Assisted Living (AAL) technology sector is worth

e Hc G2 e7@frondvihiletthe Wearakie Healthcare Devices market, which is slightly
RAAGAYOUADS o0dzi Ay OfdzaAiA@S (G2 GKS ao2LIS 27F if
in the financial year 2024 8].

However, our primary gto-market strategy will focus on integrating-Rénsing technology

into Wi-Fi routers, enhancing their functionality, and offering advanced solutions.
Consequently, it is more relevant and strategic to assess the currefi Ydute market

landscape.

The global WFi router market, encompassing both Home and Industrial devices, is projected

G2 NBI OK | LILINR EA Y| ( F4].&heconme douter segmehtlisiva@lugd ak Yy  H 1
epdPnp 0Aff A 23Rahiknyet ahl, 2022), ardhih2 Bdustrial-Airouter market is
F2NBEOFaAaGSR (2 0S5 ¢ 2 NH,Keflectimgatidergrowing hefed far 20ustdo €  H N
and secure connectivity solutions.

5.2.1.Demographic Foundations of Demand Expansion

According to Eurostat population projections (EUROPOP2023), the share of individuals aged
65+ in the EU is projected to increase from approximately 21% today to nearly 30% by 2050.
More significantly, the population aged 80+ is expected to grow at the$asate across
aSYOSNI {GFr0Sad ¢KS 9dzNRBLISFY [/ 2YYA&aaA2yQa Hn
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old-age dependency ratio will rise substantially, ldegn care expenditure as a share of
GDRP is projected to increase in most Member States, and public budgets will face sustained
structural pressure due to ageing populations. This demographic transitiphies rising

care intensity per resident and increasing operational complexity within-teng care
facilities. Unlike discretionary corporate technology markets, demand in elderly care is
structurally anchored in demographic inevitability and pubbealith necessity.

This structural pressure is not limited to Europe. The World Health Organization projects that
by 2050, approximately 3.5 billion people aged 60 years or older will require some form of
care, reflecting both population ageing and the increasing prevalehnen-communicable
diseases. The global dimension of aging reinforces thetknmg expansion of careelated
services and associated technological support systems.

5.2.2.Total Addressable Market (TAM)

To estimate the Total Addressable Market (TAM), we need to focus on the annual demand
for routers across multiple regions, based on household broadband penetration and router
replacement cycles. Here's how we break it down reporting Total Population, ritotdder
of households, and Elderly Population Data in the target market (USA, EU, and Asia):

Table 18: Total and Elderly Population Statistics in Key Global Regions

Region Total Population Elderly Population (65+)
USA 340.1 M 58 M
EU 447 M 90.4 M
Asia 4.7B 414 M

Ox¢

USA: 131.43 million households (Statista)
EU: 200 million households (EUC)

Asia: 1.04 billion households (Total population 4.7 B / an average household size of
4.5) (OECD; PRB)

O¢

O¢

Broadband penetration rate USA 97.1%, EU 93.8% (avetpg@sia 73.4% (averad)e
(Statistg:

L EUg The European Union (EU) is a supranational political and economic union of 27 member states that are
located primarily in Europe.

2 Asiag As of World Population Review Demographics, the United Nations Economic and Social Commission
for Asia and the Pacific (ESCAP), there are 58 nations in Wtfjis://worldpopulationreview.com/country
rankings/apaecountries
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8 USA: 131.43M x 97.1% =127.62 million households with broadband
6 EU: 200M x 93.8% = 187.6 million households with broadband
8 Asia: 1.040M x 73.4% = 763.36 million households with broadband

Total Households (M) 1040.0
1000 | M Households with Broadband (M)

800} 763.36

600

400

Number of Households (Millions)

S00k 200.0 187.6
131.43 127.62

I

USA EU Asia
Regions

Figure 13: Total Households and Households with Broadband by Region

Router replacement cycteA study in 2022 shows that 52% of consumers acquired their
routers from their ISP, and nearly 36% of consumers own the router. There are several
reasons why Wki routers are frequently replacedPdrks Associates, 2023-or ISPs, the
replacement of routers can sometimes be an additional cost, especially if they need to offer
new, upgraded devices to their customers. However, for vendors, this situation presents a
significant new opportunity to sell advanced products.

[ i
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1 1
1 1
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Figure 14: WFi Router Lifecycle and Average Replacement Rate
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https://www.parksassociates.com/blogs/press-releases/07262022

Typically, Wi routers have a lifecycle of 3 to 10 years, with the average replacement
occurring every 5 years, so we divide the number of households with broadband by 5 to
calculate the annual demand for routers in each regi@NET Superloop All West
Communicatioi

Annual Demand for Routers

O«

USA: 127.62M / 5 = 25.52 million routers per year
EU: 187.6M /5 = 37.52 million routers per year
Asia: 763.36M / 5 = 152.67 million routers per year

Ox¢

Ox¢

5.2.3.Serviceable Available Market (SAM)

In this section, we aim to evaluate the potential market size in a more precise manner, which
includes two different approaches to better understand the exact serviceable market size.
Each of the approaches has been explained in a detailed and comprehearsivto visualize

the overall market.

First Analytical Approach

Estimating the presence of elderly individuals in households starts with calculating the
average number of elderly residents per household per region. This value forms the basis for
identifying how many households containleast one elderly person a key to measure the
potential market for Risensing embedded routers.

To calculate thé&lderly per Household raticthe formula used is:

Oa QA £arpd & PUQE ¢
YE 0l w&TDE 6 TG Qi

Oa QQj @as o TR'@ O

Elderly Population: 58 million
Total Households: 131.43 million

Ox¢

O¢

U @t n8ummn

mnﬂa Qa QQ]I(H&JOO G Q

European Union

O«

Elderly Population: 90.4 million

Total Households: 200 million
WA a8t mn
C TI8u &u 1T U

O«

™ L Qa QO QA&d I Q
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https://www.cnet.com/home/internet/router-issues-signs-its-time-for-an-upgrade-and-how-to-decide/
https://www.superloop.com/blog/replace-old-wifi-router-how-to-tell/#:~:text=Router%20age&text=Many%20experts%20suggest%20that%20if,your%20router%20every%20five%20years.
https://www.allwest.com/blog/how-often-should-you-replace-your-router/
https://www.allwest.com/blog/how-often-should-you-replace-your-router/

6 Elderly Population: 414 million
6 Total Households: 1.04 billion

T p8I MU T T

p&Tmnmnnm&rw{pa Q Q)i Ao IFD Q

Households with Elderly Population by Region (using the Elderly per household ratio):
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Broadbandconnected Households with Elderly (penetration rate):

5 YYPp RO P u@O QU a X QI £ OQONE Q
5 OYwBD @b YPHERN QA QM a XN QI ¢ DQOOHE Q
5 O0f PipBO X &P oNPHQAIQAE a TN QIO £ DQOHOE Q

Potential Demand of RiSensing Embedded Routers by Households with Elderly
Population:

Using a Syear replacement cycle:

YYd @ O Tu  p @ d Qa6 REGETQAN O
OMP& R Tu p @ U "Qa 6 "BEGETAN B
Oi AP @ v ¢ B @ Qd o "@eocofQN D

O¢ O¢

O¢

Second Analytical Approach

It is important to recognize that premiwfeatured routers, while offering advanced
functionalities, may not be reasonable or necessary for every household or organization.
Many users, require only basic networking capabilities, such as stable conneativitgrate
aLISSR® {AyOS AG A& KINR (G2 SadAayYl S G4KS SEI
to pay for a premium router, we try to understand the potential customer by using similar

or comparable product benchmarks. For example, in the USA of p#ople aged over 50

use a smartwatch76]. The total number of people aged over 50 in the USA is 124 million

[77].

Therefore, the number of smartwatch users in this segment is calculated as follows:
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PCa@Qaa QP ¢ @ yrQa on@Eeen a Q

To express this in terms of the total population (340.1 million), we calculate:

¢ Bul Qa0 Qd EPra QO 0 QP aTTt @ TR OMO € Mg 0 & WO QE €

This suggests that around 6.20% of the population has adopted a smart device like a
smartwatch, which can serve as a proxy for potential smart router adoption. Now, if we apply
this 6.20% to theannual router demand of 25.52 million households the USA (based on
router replacement cycle).

Potential customers in the USA are interested in premiurFiWouters:

YUY @ € e TP p® yh QO A6 KX QIQOQ W
In parallel, we apply the same approach in the EU using available smartwatch adoption data.
Nearly 16% of the population aged over 55 use smartwatcrslf is estimated that 33.6%

of the EU population is aged over 55. Given the total EU population is 447 million, we first
calculate the number of people aged 55 and above:

TTEQEaQE@bP  puPrdd Qb a@EEE & Q

Next, we calculate how many among them use smartwatches:

pugmu Qa a Qg @b ¢ Bra Qa o'@Eeen a Q

To find what percentage this represents of the total EU population, we calculate:

CBIA@ Qoo EER Qoo Qparm vd X B "OMO ¢ onegan 6 a wo V¢ €
PaAYy3 GKAE |a F LINRPE@ F2NJ LRGSYGAFf LINBYAdzy
router demand of 37.52 million households (based on earlier replacement cycle estimates).

Potential customers in the EU are interested in premiurdR\fouters:

OWo® § Gud X b ¢8t pt Qa dE6 K QIO QO

Moreover, to balance the previous populatiewide benchmark, we conducted a
complementary analytical approach focusing specifically on the U.S. senior population (aged
65+).
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Table 19: Estimated Premium ‘AliRouter Demand Among 65+ in the USA (2023)

. . Potential
Living Arrangement . % of Household Size Target .
Population . Premium Demand
(65+ Age Group) 65+ Assumption Households
(6.20%)
Alone 14.895.931| 25.8% | 1 per household| 14.895.931 923.548
Spouse/Partner 34.013.170| 58.9% | 2 per household| 17.006.585 1.054.408
Other Relatives 6.735.392 | 11.7% | 1 per household 6.735.392 417.594
. Ave. 15 per
Others (NorRelatives) | 785.507 1.4% v . P 52.367 3.247
resident
Alone in Quarters (Car
in Qu (a1 300.000| 2.3% - 475311 T
Homes)
Total 57.728.000| 100.0% T 38.737.806 2.398.797

Data Source: U.S. Census Bureau (2023)

Note 1: 47.531 is the total number of elderly care homes in the USA.
Note 2: To estimate "Potential Premium Demand," we applied a 6.20% adoption rate based on smart device usage (e.g.,
smartwatches).

{AYAfINIT &I 6S LI ASR GKS &alryYyS Fylteaaolt
population (aged 65+). The estimation considers diverse living arrangements across the EU,
allowing us to assess the potential demand for premium-FWrouters within this
demographic.

Table 2 Living Arrangements and Estimated PremiurmPRi\iRouter Demand Among 65+ in EU

Living Arrangement Population % of 65+ Household Size / Estimated Households / Premium Demand
g Arrang P Population Facility Size Facilities (5.37%)
L 1 person per
Living Alone 28.024.000 31.0% persen p 28.024.000 1.504.889
household
. 2 persons per
With Spouse/Partner Only| 43.844.000 48.5% P P 21.922.000 1.177.187
household
With Other Relatives/N 1
fth Dther Relativesiion |1 g 532,000 20.5% person per 18.532.000 995.168
Relatives household (avg)
32.8 resident
In Elderly Care Homes | 2.577.000 2.85% resiaents per 104.400" T
facility
TOTAL 90.400.000 100% T 68.582.400 3.678.244

Data SourceEurostat, 201& Ageing Europe report

Note 1: 104.400 is the estimated number of elderly care homes in the EU.

Note 2: To estimate "Potential Premium Demand," we applied a 5.37% adoption rate based on smart device usage (e.g.,

smartwatches).
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https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Ageing_Europe_-_statistics_on_housing_and_living_conditions

To provide a broader comparative perspective, we compiled a summary table that
synthesizes key metrics across the USA, EU, and Asia. The table allows foegioosd
comparisons and strategic planning. Notably, data for Asia remains limited due to

incorsistencies in census reporting and data harmonization.

Table 21: Estimated PremiumYAliRouter Demand Among 65+ in Key Global Regions

Elder] HHs with HHs with Elder_ly HHs Annual Elderly Premium Premium
Region Total HHs (M) ery Elderly Broadband with Demand Annual Demand (1)| Demand (2)
per HH Broadband
(M) (M) M) (M) Demand (M) (M) (M)
USA 131.43 0.44 57.83 127.62 56.15 25.52 11.23 1.58 2.39
EU 200.00 | 0.452 | 90.40 187.60 84.77 37.52 16.95 2.01 3.68
Asia 1.040.00 | 0.398 | 413.92 | 763.36 303.79 | 152.67| 60.76 - -

*Note: HH¢ Household; Eld European Union (27), Asia (the whole continent)
**Asia: Lack of harmonized census systems complicates regional data consistency, resulting in limited coherence across
datasets.

Additionally, considering the Eurostat 2024 Healthcare Resources database and the Statista
Research Department, the EU hosts approximately 104.406t&ngcollective elderly care
facilities alongside over 24.000 hospitals and specialized rehabilitagoters. When
compared globally using data from the American Hospital Association (AHA), the National
/ SYGSNI F2NJ I SFEGK {GraAradagaodoa 6b/1 {0 I YR
AsiaPacific region, it becomes evident that the target marlketast. As shown in Table 22,

the global environment consists of hundreds of thousands of potential deployment points
across three primary economic regions.

i K

Table 22: Regional Distribution of Elderly Care Homes and Hospitals

Considering USA

Considering Europe

Considering Asia Pacific

o Elderly
47.531

6 Hospitals6.093

care

homeg 6

Elderly
104.400

6 Hospital:24.217

care

homes

6 Elderly homes

68.951
6 Hospital: 119.062

care

3 Asia Pacifi As of World Population Review Demographics, there are 37 nations in Asia Pacific | However,
given the access to public data, our estimation considers only China, Japan, Malaysia, Singapore, Indonesia,

India, and Thailand.
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Assuming an average of 10% of these facilities are willing to adept $diutions or routers
in year 1.

119062

120000 . B Elderly Care Homes
: mm Hospitals
104400 Elderly Care Homes (Acquisition)
100000 Hospitals (Acquisition)
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v
=
< 60000
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20000
10440
6093 |
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Figure 15: Institutional Potential Adoption of-Bénsing Embedded Router by Region

In the USA, potential acquisition in 1 year:
5 OO QME@ME@A'R Wop pTP & L'AD® QA QO QA
5 06 i n'Getuad pmhP @ TN QA QO QA
Total facilities in the USA may adopt Wi solutions .
TE LRI QAW QI @md i N QO WUl @ QO w Qe QO "QQI

In Europe, potential acquisition in 1 year:
5 DA QM@ @pna& nm pmtb p B TRODQA QO QQI
5 Ot Ndoidbpix pmTP ¢8 ¢ MO QA QO QQi

Total facilities in Europe may adopt Wi solutions
PB T MAQAMEG Qi ¢8 ¢ gZ i 1) Q0 d@@ ¢ D0 QN QO "QQi

In Asia Pacific, potential acquisition in 1 year
5 ‘O Q' ids @p Govp pTbP e WIRD O QA QO QO
5 Oti N'Gopaddc pmth p @ ITRDO QN QO QQI

Total facilities in Asia Pacific may adopt Wi solutions

O WA QAIIBA Qi p @TIEE i 1§ QO OE @ TTIRNG O QA QO QQI
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5.2.4.Structural Growth Drivers

Market growth is not solely demographic. It is reinforced by multiple structural drivers:

LongTerm Care Expenditure Growth

OECD Health at a Glan@®23) reports rising LTC expenditure across Member States, driven
by ageing populations, increased dependency duration and workforce cost pressure.
Technology positioned as ceavoidance support aligns directly with this madrend.

Workforce Shortage Pressure

OECD analyses indicate persistent shortages intknmg care workers across Europe. As
residentto-staff ratios increase, facilities require better attention allocation, early anomaly
detection, operational situational awareness.

Digital Health Transformation

According to the (WHO, 2024b), assistive living technologies include any products or systems
GKIFIG YFAYGFEAY 2NJ AYLINRE@GS |y AYRAQGARIZ f Qa 7Fd
well-being. These can range from laach aids to advanced digital systemsdathey are
characterized by their ability to capture and provide user and environmental information in
order to allow situatiorsensitive support of the individual. They often leverage srharhe
sensors, Internet of Things (I0T) devices, telehealth quiat$, wearable monitors, and even
robotic or Albased assistants to help individuals age in place safely and with dignity. Such
technologies enable older persons and those with disabilities to perform tasks they might
otherwise find difficult, thereby rengting impairments less disabling by adapting the
environment to their needs (OECD, 2022). For example, home sensor networks can detect
falls or health anomalies, medication reminder apps support cognitive limitations, and
socially assistive robots mightquide companionship or caregiver functions.

The overarching objective is to allow individuals to live healthy, independent, and productive
lives for as long as possible, whether in private homes, -terrg care facilities, or
workplaces. The global need for assistive technologies is substantigf@nohg: more than

1 billion people currently require one or more assistive products, a figure projected to exceed
2 billion by 2050 as populations age. Yet only approximately one in ten individuals in need
currently has access to such technologies (UNECBHO, 2023).

wSO23ayATAYy3 (KAa 3JFHLIE AYGSNYyFraGAz2yl € L2 £ A O¢
Cooperation on Assistive Technology (GATE) initiative (WHO, 2018; WHO, 2025c) and the
United Nations Convention on the Rights of Persons with Disabilities (United Nations
Depatment of Economic and Social Affairs, 2006), call for urgent action to expand equitable
access to assistive products as a core component of universal health coverage.
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5.2.5.Strategic Implications

As previously introduced, the elderly care market is structurally expanding, supported by
strong longterm demographic fundamentals that anchor its growth beyond cyclical
dynamics. It has clearly measurable economic exposure, both in terms of publiciaate pr
expenditure, and is institutionally concentrated, with public systems and large organized
operators forming the backbone of the sector. At the same time, it is undergoing a process
of digital transformation, with increasing integration of technolaiér monitoring,
management, and service delivery.

5.3. Market Segmentation Analysis

This section refines the TAM/SAM opportunity inaxtionable segments enabling
disciplined market entry and prioritization.

5.3.1.Market Dimension & Growth

Although precise regional market dynamics and demand estimates for Ambient Assisted
Living (AAL) technology solutions are not available, many people worldwide experience
communication impairments due to developmental disorders, injuries, andreigéed
issues 9.

40¢ $39.18 2024 Value (US$ Billion)
2030 Forecast (US$ Billion)

351

30¢
$26.86B
251
$21.5B
20t

14.99B
15} ke

Market Value (US$ Billion)

$10.36B
10|
$7.51B

$5.0B

$2.5B

Europe North America Asia Rest of the World
Region

Figure 16: Ambient Assisted Living Technology Market Value (2024 vs 2030)
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However, collected data from numerous sources shows that Europe represents the largest

YIEN] SG aS3aYSyid Ay HnunI AGK | OdzNNByYyd YL NJ
LINE2SOGSR (2 NBI OK 2 @SNJ € o dB0joNorthfAkeRigh follols H 1 0 n
GAOGK | OdzZNNByYy G YINJ SO OFtdzS 2F epdnn O0Af A2
I Hnom: /! Dwd [/ 2y@PBSNEStE&s ! AaAFT 6AGK | YIF NJ €

NBI OKAyYy 3 e€wmndoc oyandgdressiva2d® CAGRRIN[E]. TRé&Resl 8fy 0
GKS 22NIR YINJSGE AyAdGAlLtte @FfdzsSR Fd emnad
ANRPGUKSE NBFOKAY3I 20SNJ encdyc OAffEA2Y 0@ HNOJ

According to the World Health Organization's 2024 report, over 2.5 billion people worldwide
were in need of one or more assistive products in 2@2). With an ageing global population

and a rise in noncommunicable diseases, it is projected that by 2050, approximately 3.5
billion people aged 60 years or older will require some form of assistive techn@@lgy his
growing demand features the substantial role that AAL technologies will play in meeting the
needs of an increasingly ageing and healtiallerged global population.

On the other hand, Wki router market data reveals that North America characterizes the

fIFNBSad YINJSG aS3aySyid Ay wanunz gAGK | OdzNNJ
FYR Aada LINRP2SOGSR (2 NBI OK €y ®c ypedoloivd, WithRy o6& 1
' YFEN] SG GFtdzS 2F endomy O0AfEAZ2Y AY HAHNI F2N

CAGR.
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A mmm 2024 Value (in billion USD)
- ~ W 2030 Forecast (in billion USD)
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Figure 17: WFi Router Market by Region: 2022030 (Forecast)
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5.3.2.Target Market Segmentation

To better understand the target market within the healthcare sector, particularly within the
Ambient Assisted Living (AAL) technology space, it's essential to break down the market by
various key dimensions such as age groups, technapgyific segmentan, and the
specific healthcare needs they cater to. Primarily, the market can be segmented into:

Age Group Segmentation

A key driver of the demand for AAL technologies is the global aging population. According
to WHO projections, the number of people aged 60 years and older will significantly
increase in the coming decades, creating an expanding market for AAL solutions.

Table 23: Demographic Segmentation for AAL Technologies Adoption

Global Need

Age Group for Assistive Projected Need| Technologies Source
Products by 2050 Targeted
(2020)

Mobility aids, health | Eurostat,
60+ years 2.5 B people 3.5 B people monitoring devices, | 2024 &

smart homes WHO, 2024
Intensive care,

80+ years 140 M 425 M enhanced_ _mob|l|ty, WHO. 2024
and cognitive
impairment support

. AAL solutions for

Chronic disease management

Disease 1.4 B people 2.5 B people 9 WHO, 2024

Patients (e.g., Dementia,

Parkinson's)

TechnologySpecific Segmentation

The AAL technology market can be segmented based on the specific technologies
employed in the solutions or ecosystem at present. These include:
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Table 24: Techpecific Segmentation for AAL Technologies Adoption

Technolo Market CAGR Projected Ke
Tooe & | value (2024 Value by Play ors/Technologies | SOUTCe
yp (2024) 2030) 2030 y g
Smart sensors, 16T .
Sma_1rt Home €d 0A1|28.40% € nn 0| enabled devices, Al Statista,
Devices . 2024
powered automation
Wearable condy Apple Watch, Fitbit,
Healthcare - Y 1 15.20% € ¢ n 0O | smartwatches, fall [85]
. billion .
Devices detection systems
Health Telemedicine devices,
Monitoring € Mp 0/18.30% € op O] reaHime health [85]
Systems tracking
Cognitive Alpowered cognitive
Assistance €0 O0A120% € T 0 A aids, smart memory [86]
Devices devices

Behavioral Segmentation

Behavioral segmentation focuses on the reasons for technology adoption, user behavior, and
engagement with AAL technologies. This is particularly important because consumer
preferences, such as cost sensitivity, ease of use, and reliability, directlytimmatict

adoption.

Table 25: Behavioral Segmentation for AAL Technology Adoption

Behavioral Factor | Influence Market Target Market Source
Segment
Consumers in developing regiorn Lowerincome elderly
are more pricesensitive; in in emerging markets,
Cost Sensitivity developed markets, consumers | middle and upper [87]
are more willing to pay for income elderly in
premium, innovative products. | developed countries
Technology needs to be user Elderly individuals,
Ease of Use friendly, especially fpr elder!y caregivers, _chronlc [87]
people and those with cognitive | disease patients/
impairments. LI GASY Q&
The healthcare nature of AAL
devices requires high trust in Elderly consumers,
Reliability & Trust | technology, particularly in terms| health/elderly care [87]
of ethical, safety, accuracy, and| institutions, caregivers
emergency response features.
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Besides these, the socioeconomic status of individuals also impacts their access to and
adoption of AAL technologies. Higitome countries with developed healthcare systems
(e.g., North America and Europe) are seeing more widespread adoption of advaAted A
solutions.

5.3.3.Target Market Profiling

The RFEsensing technology for elderly care and health monitoring is opted to target multiple
key stakeholders and market segments within the healthcare ecosystem. Below is a detailed
analysis of the primargnarket profiles for the technologysegmented based on theioles
functions and theirspecific needs in the context elderly care.

a. loT Health Monitoring Device Manufacturers

These are the companies that design and produce Internet of Things@de&yl devices used

for health monitoring in elderly care. RF sensing technology can be integrated well with
existing 10T systems for continuous, Rowasive health monitoring, whiatan add value to
0KS YIFydzFF OGdzNBENBEQ LINRPRdzOG 2FFSNRAyYy3IaP

Key PlayersCompanies producing smart home health devices, connected wearables (not
limited to traditional wearables like fitness trackers), and #i@vasive monitoring solutions.

Example Companies like Philips, Honeywell, Tunstall Healthcare, and Siemens, which are
already active in health monitoring, could be key players to target.

b. Healthcare Providers & Elderly Care Facilities

This group includes hospitals, letegm care facilities, assisted living centers, and other
senior care providers who can use RF sensing technology to improve their services. The focus
will be on institutions that provide continuous care or remote moniitgr of elderly
individuals.

Key PlayerdHealthcare facilities, home care agencies, retirement communities, and hospice
care organizations.

ExamplelLarge healthcare providers like the Mayo Clinic or @t care facility chains like
Brookdale Senior Living could be key adopters.

c. Wearable Device Companies

Although RF sensing technology is not wearable, it complements wearable healthcare
devices by offering redglme data without the need for physical contact. These companies
could integrate RF sensing as an additional layer to enhance their products.

Key Players€Companies producing wearables like Fitbit, Garmin, Apple, and other health
focused device manufacturers.
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ExampleCompanies already in the wearable space, such as Fitbit or Apple Watch, could be
interested in integrating RF sensing into their technology offerings to enhance elderly care
solutions.

d. Assistive Technology Providers

Assistive technology (AT) companies focus on creating products designed to improve the
daily life of individuals with disabilities or agelated impairments. These companies would
benefit from incorporating RF sensing technology for monitoring the heaith safety of
elderly users in both home and institutional care settings.

Key PlayersManufacturers of mobility aids, telemedicine devices, and cognitive assistance
tools.

Example:Companies such as Medline, Invacare, and Assistive Technology Manufacturers
could be key targets.

e. Telehealth Service Providers

Telehealth companies offer remote healthcare services, such as virtual consultations and
monitoring. These service providers are increasingly looking for innovative ways to provide
ongoing care for elderly patients remotely.

Key PlayersTeladoc Health, MDTech, and other telemedicine or telehealth companies.

Example:Companies in the telemedicine space, such as Teladoc or Amwell, could benefit
from integrating RF sensing technology into their remote monitoring offerings.

f. Insurance Providers

Insurance companies are key players in promoting and adopting new healthcare
technologies as they have a vested interest in reducing costs related to elderly care and
promoting healthier lifestyles.

Key PlayersHealth insurance companies, leteym care insurance providers, and pension
funds offering healtkrelated products.

ExampleCompanies like Blue Cross Blue Shield or Humana, which are actively involved in
health risk management for the elderly, could be key adopters.

g. Government & Public Health Agencies

Government agencies focused on elderly welfare and public health organizations have a
crucial role in the widespread adoption of health technologies. These entities may act as
enablers or regulators of technologies like RF sensing.

Key PlayersMinistries of Health, public health organizations, and governnfientied
elderly care programs.
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Example National Health Service (NHS) in the UK or U.S. Department of Health and Human
Services could be relevant entities to target for public sector adoption.

h. Caregiver & Family Support Platforms
Technology platforms that support caregivers and families who assist elderly individuals can
benefit from incorporating RF sensing technology to enhance care delivery.

Key PlayerdHomecare agencies, caregiver support platforms, and apps designed to connect
caregivers and families.

Example Caregiver platforms like Care.com or Honor could be interested in adopting RF
sensing technology for their networks.

5.4. Market Needs & Trends

The dynamics of the elderly care market are evolving rapidly due to multiple current and
emerging trends that are shaping the industry. Understanding these market trends and
needs is crucial for identifying opportunities where RF sensing technology gaa piaotal

role in transforming elderly care solutions. The dynamics of the elderly care market are
evolving rapidly due to multiple current and emerging trends that are shaping the industry.
Understanding these market trends and needs is crucial fortiiyarg opportunities where

RF sensing technology can play a pivotal role in transforming elderly care solutions.

a. Aging Population and Increased Demand for Elderly Care Solutions

Trend:The global aging population is rapidly increasing. By 2050, the number of people aged
60 and older is expected to more than doubl&)(Z his demographic shift is driving demand
for elderly care solutions3g].
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Figure 18: Epidemiological trends of aging worldwide

Need: There is an extensive scope for technologies like RF sensing are required to offer
continuous monitoring and support, enabling elderly individuals to live independently while
ensuring their safety and welleing.

b. Preference for NorAnvasive and Wearablree Monitoring

Trend: Elderly individuals are increasingly seeking -mwasive and wearablefsee
monitoring technologies due to discomfort or resistance to traditional medical devices.

Need:RF sensing technology, which provides-gontact, nonwearable monitoring, meets
this demand by tracking health metrics like movement, heart rate, and fall detection without
physical devices.

c. Rising Healthcare Costs and Focus on Preventive Care

Trend:Healthcare costs for the elderly are increasing, particularly due todiated injuries
and chronic conditions. This is placing pressure on healthcare systems to fireffective
solutions (Healthcare expenditure statistics, Eurostat, 2023).
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Figure 19: Healthcare Expenditure relative to GDP (2014 and 2022)

Need: RF sensing technology can prevent costly hospital readmissions by detecting early
warning signs (e.g., falls, irregular heartbeats) and alerting caregivers {timealreducing
healthcare expenses.

d. Demand for Affordable Healthcare Solutions
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Trend Globally, with many elderly individuals and healthcare facilities facing budget
constraints, and similarly, the demand for nursing staff is projected to outstrip supply, with
estimates suggesting a shortfall of over 500.000 registered nurses by 2036, ithan
increasing demand for affordable healthcare solutions that do not compromise on quality
(Visual Representation Based on Google Trends Data).
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Figure 20: Trend Comparison between Telehealth and Telemedicine in 2024

Need RF sensing technology is a eeective solution compared to traditional wearable
devices or expensive monitoring systems, making it accessible for both individuals and
healthcare providers looking to reduce operational costs.

e. Increased Adoption of Telehealth and Remote Monitoring

Trend The COVH29 pandemic accelerated the adoption of telehealth, and this trend is
expected to continue. Remote monitoring is becoming an essential part of elderly care.

Need RF sensing technology can seamlessly integrate into telehealth systems, providing
continuous remote health monitoring that allows caregivers and healthcare providers to
respond promptly to emergencies.

f. Rise in Chronic Conditions and Need for Ongoing Health Monitoring

Trend: The prevalence of chronic conditions (in the US&arly 95% of older adults are
managing at least one chronic disease, with 80% dealing with two or)nf@@esuch as
Parkinson's disease, dementia, hypertension, heart disease, and asthma is rising among older
individuals The Alzheimer Cohorts Consortium and Global Data Pharma Intelligence) Centre
Currently, more than 55 million people have dementia worldwide, and every year, there are
nearly 10 million new cases. Therefore, necessitating continuous health monitéfpg [
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Need:RF sensing technology can track a wide range of vital signs, activities, movements, and
cognitive behaviors, offering continuous monitoring to manage chronic conditions
effectively and prevent complications.
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g. Emphasis on Fall Detection and Prevention

Trend:Falls remain one of the leading causes of injury among the elderly, with the incidence

of fallrelated injuries increasing at a national level, andralhited injuries are a major driver

of healthcare costs. In figure 22 we report Google Trends based®rt t f RSSO0 A2Y
search term.

Figure 22: Global Fall Detection Device Search on Google Trends (Million)
Need:RF sensing technology offers highly accurate fall detection (with up to 98% accuracy)

without requiring wearables. This capability is crucial for preventing falls and enabling quick
emergency responses.
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h. Integration with Smart Home Technologies

Trend The rise of smart homes, particularly in developed nations, is enabling more elderly
individuals to "age in place" with smart technologies ensuring safety, connectivity, and
convenience. In figure 23 we report growth trend in Smart Home Technology Adapti

the USA (Statista, 2023).
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Figure 23; Growth Trend in Smart Home Technology Adoption in the USA

Need RF sensing technology can integrate with 10T systems in smart homes, offering real
time health monitoring while enhancing the functionality of other devices like CCTV cameras,
lighting, alarms, and security systems.

5.5.Value and Use&Case Analysis

This section transitions our market analysis from theoretical technology to practical
application. By defining the specific product benefits and-readld outcomes of RF sensing,
we identify the highvalue intersections within both the BusinessBusines (B2B) and
Businesgo-Consumer (B2C) value chains.

¢CKS AYGSaINIGA2Y 27F | 2 RSyioaterswepredeyitya2paradigh 2y Ay
shift: the evolution of a household utility into a kfeonitoring health hub. This duplathway

approach allows us to address the unique needs of institutionaltihese providers while
simultaneously empowering individual families.

The following analysis quantifies these impacts through three primary metrics:
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Operational & Economic Efficiencyeducing the high costs associated with traditional
monitoring and emergency interventions.

Quality of Life Enhancing elderly independence through rawmasive, “invisible"
technology.

Careqiver SustainabilitySystematically reducing the physical and emotional burden on both
professional and family caregivers. By mapping these outcomes, we demonstrate how

| 2f RSy Qa Ayy20FGA2y ONBIFrGSa I O2KSaAa@dS SO2a:
service providersand endusers all derive measurable value.
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Figure 24 Holden Innovation's impact in the Assisted Living Ecosystem

5.5.1.The B2C Value Chain: Retail Vendors & ISPs

In this model, the hardware vendor (e.g., NetgearLifK) or the Internet Service Provider
(ISP) acts as the bridge to the home. They purchase the integrated technology from-the Wi
Fi Manufacturers (ODMSs) and sell the-WiRouter and/or the Internet Coectivity service
directly to the consumer.

Market Opportunity

The home care and smart home markets are growing rapidly, driven by the aging population
and the increasing adoption of nenvasive health solutions. By providing this technology
directly to consumers, the product addresses a significant demand for afftedand
convenient elderly care solutions.
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Primary Customers

Patients, elderly individuals living alone, and their family members can directly purchase or
ask the ISP provider the Wi router with integrated RF sensing technology, enabling a
home-based health monitoring solution. Consumers can use th&\Wbuteras an alin-one
device for both Wi connectivity and elderly care, without requiring wearables or additional
health monitoring devices.

Key Benefits

6 Low Friction/High AdoptionUnlike wearables that seniors often forget to charge or
wear, this system is "invisible." It resides in the router, requiring zero lifestyle
changes.

o CostEfficiency for FamilieBy purchasing a retail router with integrated RF sensing,
families avoid expensive, proprietary medical hardware and high monthly monitoring
fees.

o PrivacyFirst SafetyUnlike cameras, RF sensing maintains the dignity of the elderly
dzaSNJ s KAfS aidAtt LINPGARAY3IA bY20SYSyli
family members via a mobile app.

P

6 ISP Revenue Expansidi®Ps can offer "Elderly Care & Safety" tiers, moving beyond
simple bandwidth to become a "connected care" provider, significantly reducing
customer churn.

6 Customer LoyaltyBy providing valuadded features, Vendors and ISPs can improve
brand loyalty and increase losigrm customer retention.

5.5.2. The B2B Value Chain: Elderly Organizations & Healthcare Solution
Providers

This model shifts the focus from individual home use to the "Mixed Products + Services"
ecosystem. In this landscape, the-Wirouter is no longer just a connectivity tool; it is
integrated into a broader professional care framework.-fViVendors and I1SPprovide
"health-ready" hardware to Solution Providers and Healthcare Organizations, who then layer
on sophisticated services to create an“itth y S¢  OF' NB3 2 FFSNA @

Market Opportunity

The transition to RBensing technology can create new revenue streams across the B2B
landscape:

6 Wi-Fi Manufacturers (ODMs):Can secure highiolume, longterm enterprise

contracts. This allows them to pivot from a "race to the bottom" on hardware pricing
to providing specialized, higmargin equipment for the healthcare sector.
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6 Vendors & ISPsCan transition into'Managed Care Connectivityproviders. By
bundling highspeed internet with an enterpriskevel safety dashboard, they become
strategic partners to nursing homes and assisted living facilities.

6 Solution ProvidersThese firms can build the software "intelligence” layer that offers
tele-health services, creating a dominant position in the Remote Patient Monitoring
(RPM) market, by providing actionable alerts and clinical insights.

Primary Customers

The primary customers are entities that manage higimsity elderly populations, including

Assisted Living Facilities, Nursing Homes, Hospitals, and Rehabilitation Ceftarshese
organizations, the router serves as the Homasive backbone of their monitoring

AYFNI a0NHzOGdzNBod | yviA1S GKS . H/ Y2RStQa T2O0dz
population management It allows staff to safely monitor hundreds of residents
simultaneously, identifying risks (like gait changes or other activittepat) without the

privacy intrusions of cameras or the compliance hurdles of wearables.

Integrated Professional Services

In the B2B chain, value is realized through the "bundling” of the hardware with other-value
added services:

Ox¢

Insurance & Risk Managementiealth and life insurers can offer lower premiums or
"wellness incentives" to facilities that use RF sensing, since this technology can help
to reduce the operative costs.

6 Telehealth & Clinical IntegrationThe system can create a direct data pipeline to
clinics and doctors. By providing objective gait and activity data, it enables more
accurate remote diagnoses and personalized care plans.

6 Automated Emergency Responshkitegration with 24/7 medical dispatch centers
ensures that "silent" emergencies (like a cessation of vitals or overnight health
accidents) trigger immediate protocols without the resident needing to press a
button.

6 Caregiver Analytics & Staff OptimizatioRacilities receive aggregated "health trend"
reports. These insights allow management to optimize staffing levels and prioritize
care for residents, showing signs of health decline before a crisis occurs.

Key Benefits

6 Scalable, Maintenancé&ree Monitoring:Facilities can oversee hundreds of residents
simultaneously through Wi infrastructure. This eliminates the "logistical” costs of
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managing wearable device inventories, frequent battery charging, and the constant
risk of residents forgetting to wear their sensors.

6 Transition to Preventative Cardiealthcare providers can receive hifitlelity data

on sleep patterns and activity levels, allowing for “"preventative" rather than
"reactive" care (as example, early detection of declining mobility can prevent a fall
before it happens).

6 Quantifiable Risk Mitigation: RFsensing provides an objective "audit trail" of
resident safety. Insurance providers can leverage this data to offer lower premiums
or wellness incentives, as the technology directly reduces the frequency of
undetected falls and costly hospital readnisss.

o Alleviation of Caregiver BurnoutBy automating routine "welbeing checks" and
filtering out false alarms, the system allows overextended staff to prioritize their
physical presence for higheed patients. This optimization of human capital
improves both staff retention and the overalliglity of resident care.

5.6. Competitive Landscape

In the rapidly evolving healthcare and elderly care market, various technologies offer
solutions aimed at improving patient monitoring, particularly for elderly individuals who
require constant care. The competitive landscape is increasingly shaped mcathents in
Internet of Things (loT), wearable devices, and smart home systems, each offering distinct
capabilities to address health and safety challenges. This section provides a structured
overview of existing technologies and key players availableirwitte elderly care and
assisted living market.

The technology market for elderly care is not dominated by a single category but is instead
AGNIF GATASR I ONRP&aa RA&aGAYyOU GSOKy2f23A0Ff LI
five main competing technological groups can be identified:

Wearable Monitoring Technologies

O¢

Environment Monitoring Technologies

O¢

Passive Technologies Monitoring Health

Ox¢

Interactive Technologies

Ox¢

o Wi-Fi Sensing

A summary of the technologies is reported in Table 26.

HOLDEN 101099491 D6.7 Results of the market analysis 105



Table 26: Competing Technologies in the Elderly Care Ecosystem

Category Technology/Device Key Players Examples

Wearable Watches, Rings, GPS Fitbit, Garmin, Apple, Galaxy
Tracker

Environment Motion Sensors, Camera{ Philips, Honeywell, Sony, Arlo,

Monitoring Siemens

Technologies

Passive Technologies| Smart Furniture, Fall Baxter International, E.C.H.O.
monitoring health Detectors Care, Essence

Interactive VoiceOperated Virtual Apple Siri, Google Assistant,
Technologies Assistants Amazon Alexa, Cortana
Wi-Fi Sensing WiFi routers, RF sensors| Cognitive systems, Origin

Wireless, Vayyar

5.6.1.Wearable Monitoring Technologies

Wearable Monitoring Technologies, while common in elderly care (e.g., Smartwatches,
Rings, GPS trackers), demand constant user compliance and regular charging, which may be
unsuitable for elderly users with cognitive or physical limitations. Common sotutnziude
fall-detection pendants, smart bracelets, panic buttons, basic physiological monitoring.

ﬁ:fﬂ ”

Figure 25: Wearable Monitoring Technologies

Despite being widely accepted, wearables are often intrusive, relatively high in lifecycle
costs, and may lead to user fatigue or abandonment over time.

Key Market Playerexamples include Fitbit (Google), Garmin, Apple, Samsung.

Privacy & Ethicghese devices create a continuous stream of biometric data. While widely
accepted, they pose ethical risks regarding who owns the-terg health history stored in
corporate databases.
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Al & Cloud Impactmonitoring is highly dependent on cloud synchronization for data
processing. This raises "data residency" concerns when sensitive health metrics are
transmitted from the home to external servers.

Impact on Private Lifentrusiveness is physical rather than visual; users must "wear" the
surveillance, which can lead to fatigue and a constant reminder of their frailty.

5.6.2.Environment Monitoring Technologies

Environment Monitoring Technologies, such as motion sensors and cameras, are more
passive but come with significant privacy concerns, particularly when visual monitoring is
involve. While they provide a degree of automation, they still lack the seamlegseat
intelligence needed for holistic, retime health assessments.

20,
O

Figure 26: Environment Monitoring Technologies

These systems rely on image recording and analysis based typically on computer vision
algorithms and analytics. Some vendors also offer-tiea fall alerts, behavioral pattern
tracking, and room monitoring dashboards. Their adoption often depends omrallt
acceptance and explicit consent mechanisms.

Key Market Playere&xamples include Philips, Honeywell, Sony, Arlo, Siemens.

Privacy & EthicsThis category carries the highest privacy risk, as video recording is
considered highly sensitive personal data. Ethical resistance is common due to the "Big
Brother" feel of home cameras.

Al & Cloud ImpactRelies on heavy Computer Vision Al and cloasked analytics. The
potential for Al regulation exposure is high, particularly if the system attempts to infer
emotions or distress from visual cues.

Impact on Private LifeHighly intrusive; it changes the nature of a private home into a
monitored "facility," often requiring explicit, complex consent mechanisms from the elderly.

5.6.3.Passive Monitoring Health Technologies

Passive Technologies Monitoring Health, such as smart furniture (e.g., presssiag
chairs) or fall detectors, serve a more reactive function. While less invasive, their functional
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range is often limited to specific events or environments, reducing their overall versatility.
These technologies often require complementary systems to deliver a full monitoring
solution.

Essence LTE Landlng ERS
Fall Desection Fall Detecrion

Figure 27: Passive Monitoring Health Technologies

Key Market Playere&xamples include Baxter International, E.C.H.O. Care, Essence.

Privacy & EthicsOften viewed as "benign" because they lack cameras, yet they still track
intimate domestic habits (e.g., how long someone sits in a chair).

Al & Cloud ImpacftTypically use simpler Al for reactive event detection (e.g., a fall). Data is
often processed locally but may rely on the cloud for emergency alerts.

Impact on Private LifeLow physical intrusion, but limited versatility means they often
require "patchwork"” installations across the home to be effective.

5.6.4.Interactive Technologies

Interactive Technologies, such as veugerated virtual assistants, support remote
interaction and engagement but are not primarily designed for continuous health
monitoring. Their functionality is limited unless combined with other systems. They typicall
require user initiation, making them less effective for continuous or emergeasgd care
scenarios.

Figure 28: Interactive Technologies

Key Market Playerexamples include Apple (Siri), Google (Assistant), Amazon (Alexa), and
Microsoft (Cortana).
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Privacy & EthicsSignificant ethical concerns exist regarding "passive listening” and the
potential for unintentional recording of private home conversations.

Al & Cloud ImpactThese systems are highly cledépendent, utilizing Natural Language
Processing (NLP) on manufacturer servers to interpret commands. This creates high privacy
sensitivity regarding the storage of "voipeints” and personal dialogue.

Impact on Private LifeThese systems require the user to be conscious and capable of
initiating interaction, making them largely ineffective during medical emergencies where the
patient is incapacitated.

5.6.5.Wi-Fi Sensing Technologies

Wi-Fi sensing offers an infrastructubased, norntrusive solution by analyzing RF signal
disturbances to detect occupancy, movement, and basic activity levels. They often require
complementary devices to achieve full functionality, such agsMbutersand mesh devices,
Wi-Fi smart plugs and lamps, Radar systems are used, usitg Sijnal analysis, RF
reflection patterns analysis, Al engines.

Figure 29: WFi Sensing Technologies

Key Market Playerexamples include Vayyar, Origin Wireless and Cognitive Systems.

Privacy & EthicsWhile they avoid visual recording, current market systems often struggle
with inadequate privacy compliance, potentially allowing for unauthorized "presence
mapping" of a resident's movements within their home.

Al & Cloud ImpactHighperformance Al engines are required to distinguish human
movement from environmental noise. Most current commercial solutions are eb@asdd

to handle these complex calculations, requiring robust encryption to protect sensitive RF
signatures.

Impact on Private LifeThese systems provide "ambient intelligence" without physical or
visual intrusion. However, limitations in precise movement detection in standard models can
lead to false alarms that disrupt the sanctity of home life.
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5.6.6.

HOLDEN Innovation can represent a paradigm shift in the AAL (Ambient Assisted Living)

Holden Innovation and Competitive Advantage

market, specifically engineered to overcome the friction points of traditional monitoring. By
moving beyond the limitations of cameras and wearables, HOLDEN providgsfal&lity
"health-ready"” infrastructure.
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Privacyby-Design & Ethical Complianceunlike visioAbased systems or voice
assistants, HOLDEN does not capture identifiable personal imagery or audio. It
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maintaining the highest levels of GDPR and ethicaiptiance.

(

Edge Al & Data Protectionto address cloudt SY aAGABAGRT | h[ 59D

algorithms are designed for localized processing. By minimizing the volume of
sensitive raw data transmitted to the cloud, the system reduces the risk of data
breaches and ensures that "Private Life" sigmasuremain secure within the home

or facility.

Zero-Friction Interaction:HOLDEN Innovation eliminates "User Burden." There are
no batteries to charge, no pendants to wear, and no voice commands to remember.
It is an "invisible" system that provides continuous, contactless monitoring of vitals,
movement, and health monitoring.

Strateqic Differentiation Framework

To contextualize HOLDEN Innovation role within the broader ecosystem, we assess its
performance against competing categories based on five critical strategic factors:

(0]

Lifecycle Cost of OwnershigJnlike wearables (high replacement/battery costs) or
cameras (high bandwidth/storage costs), HOLDEN leverages existiAg Wi
infrastructure, significantly lowering the Total Cost of Ownership (TCO).

Sensing Functionality Offers higher awareness level, detecting movements and
monitoring health status conditions that basic motion sensors cannot capture.

Ethical / Privacy ComplianceProvides the precision of a camera with the total
privacy of a standard \ARi router.

Ease of UseRequires zero lifestyle changes from the elderly user and minimal
training for caregivers.
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o Integrability: Designed as an embeddable solution for ODMs and ISPs, making it
highly scalable across both institutional (B2B) and residential (B2C) settings.

This comparison helps us understand the unique advantages of HOLDEN Innovation, its
market potential, and its limitations when compared to other technologies. Overall, when
assessed across the five strategic criteria, HOLDEN Innovation demonstrates rsuperio
alignment with the emerging needs of both consumers and care providers. Itisitrasive,
respects privacy, is cosffective over time, and scalable across institutional and home
settings. Moreover, HOLDEN Innovation is highly integrable withinrexiskternatives, not
requiring user interaction and providing seamless user experiences across diverse care
environments. It creates a unique market niche: a solution that is agriarsive as a smart

plug but as clinically insightful as a dedicated eyah health monitor. This balance makes
HOLDEN Innovation a primary candidate for disrupting the current fragmented landscape.

COMPETITIVE ADVANTAGE

B Cost of ownership throughout lifecycle B Sensing Functionality Ethical / Privacy Compliance M Ease of Use W Integrability

WEARABLE ENVIRONMENT PASSIVE TECHNOLOGIES INTERACTIVE WI-FI SENSING HOLDEN INNOVATION
TECHNOLOGIES MONITORING MONITORING HEALTH TECHNOLOGIES
TECHNOLOGIES

Figure 30: Comparison of HOLDEN Innovation with Existing Alternatives

5.7.Entry Barriers

This section consolidates the principal structural considerations shaping market entry. In
analyzing the barriers to market entry for embedding RF sensing technology insidie Wi
NRdzG SNBSS ¢S OFy FLILX & t2NISNRa CAm& and2 NDSa
external factors that will influence our success. The market is not only shapedfEyddter

producers but also by wearable device manufacturers and tech producers from various
sectors.
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5.7.1.Threat of New Entrants

Technological Complexity and Additional Costs: (High Impact)

The integration of RF sensing into-Wirouters involves extra functional or technological
complexity, significant R&D, and additional costs for manufacturers. This poses a high barrier
as ISPs, Vendors and router manufacturers may be hesitant to inese ttosts without a
clear, compelling return on investment (ROI). Integrating new technology into existing
products requires convincing customers and partners of f@ngn value while maintaining
competitive pricing.

Mitigation Strategy

Launching pilot programs to demonstrate the effectiveness of RF sensing technology in Wi
Fi routers and to highlight its lortgrm value. This can provide proof of concept and make
the business case more compelling.

5.7.2.Bargaining Power of Suppliers

Supplier Dependence: (Moderate to High Impact)

RF sensing requires specialized components and sensors, making technology providers highly
dependent on a limited number of suppliers. If these suppliers control pricing or availability,

it could disrupt production and increase costs, which could limit skalability of the
technology. Example: in 2021, fluctuations in the supply of semiconductors have already led
to delays and price hikes in various tech industries, including consumer electronics. Major
companies like Cisco and-Link faced delays anddtier manufacturing costs due to the
limited availability of critical componentBlpomberg News, 2031

Mitigation Strategy

To reduce dependency on a small number of suppliers, it is essential to identify and secure
relationships with multiple suppliers for both hardware components (e.g., sensors) and
software solutions. If feasible, the company could consider developing ptapyi
algorithms or components thouse, reducing reliance on thighrty suppliers.

5.7.3.Bargaining Power of Buyers (End Users Acceptance)

Consumer Preferences: (Moderate to High Impact)

Wearable devices such as smartwatches, SOS button, Smart trackers, alongside various
motion sensors are deeply rooted in the consumer market. Their established presence
creates a moderate barrier, as consumers may prefer wearable health tech over intégrate
solutions. Moreover, care facilities and caregivers who are accustomed to using wearables
may resist the shift to integrated solutions due to the need for new training, potential
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learning curves. Example: care facilities have invested and integrated wearables into their
systems to monitor patient health, creating a degree of inertia in switching tewsesrable
solutions.

Mitigation Strategy

Hybrid Solutions and Seamless Integration: to reduce resistance, it is necessary to offer
hybrid solutions that combine the best of both wortdalongside existing wearables,
integrated RF sensing technology in -KVirouters, adding value through enhanced
functionality.

5.7.4.Industry Rivalry (Existing Competitors)

Industry Preference: (Moderate Impact)

Existing ISP provider or router manufacturers might see the integration of RF sensing as a
potential valueadded feature but may resist if they already have partnerships with other
tech providers or if the integration is deemed cas¢ffective. Market plgers might perceive

the adoption of this new technology as unnecessary, especially if their existing products are
already meeting consumer demands. Example: a 2023 study by Ookla highlighted that as of
February 2023, Wi 6 adoption remained relativelyvo with WiFi 4 and WFi 5 still being
dominant. This slow uptake was partly due to ISPs' reluctance to upgrade infrastructure and
consumers' satisfaction with existing Wi 5 networks@okla, 2023

Mitigation Strategy

Market Promotion & Awareness: promotional activities towards consumers and industry
players about the longerm benefits of new technologies, such as improved security and
user experience, can drive adoption. During many events, Netgear, ahthk Bhowcaed
advancements in WFI6E / WAFi7 technology, aiming to accelerate its adoption and highlight
its advantages over previous standards.

5.7.5.Reqgulatory Barriers

Requlatory frameworks: (Moderate to High Impact)

Integrating new technologies like RF sensing intd-Wouters can pose significant obstacles.

The technology's redglme monitoring of user activities within private spaces raises concerns

over the collection and processing of sensitive data, espeaialggions with strict laws such

a4 GKS 9!4Ua D5tw YR GKS !'{Ua //t!® az2NB20Q
systems may face additional hurdles if it is prone to errors, false indications, or negative
impacts on care quality, leading to poteaitiegal and ethical issues. Example: the European

Union's General Data Protection Regulation imposes stringent regulations on how data from
devices, including those that monitor movement or behavior, can be collected, processed,
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and stored. If router collects sensitive data that is not adequately protected, it could lead to
legal issues or delays in market entry. A similar issue was seen with Google Home devices,
which faced scrutiny in the EU for violating GDPR with their hamdlirpersonal datalhe

Verge, 2020

Mitigation Strategy

Design privacy by default: to meet both GDPR and CCPA standards, RF sensing technology
must adopt a "Privacy by Design" approach, where privacy measures are integrated into the

system architecture from the outset.

Table 27: Summary Table of Key Barriers and Mitigation Strategies

Dimension| Barrier Details Impact | Examples Mitigation
Strategy
Threat of Technologic | The integration of RF | High Google Launch pilot
New al sensing into WFi (Smart programs to
Entrants Complexity | routers requires Home demonstrate
and significant R&D, Products) longterm value
Additional technological and
Costs complexity, and effectiveness,
additional costs for providing proof
manufacturers. of concept.
Bargaining | Supplier RF sensing requires Modera | Cisco, TP Secure
Power of Dependence| specialized componenty te to Link (tech relationships
Suppliers and sensors, creating | High companies | with multiple
dependency on limited facing suppliers and
suppliers, which component | explore irhouse
increases cost risks. shortages) | development of
proprietary
components or
algorithms.
Bargaining | Consumer | Consumers have an Modera | Care Offer hybrid
Power of Preferences | established preference | te to Facilities tie | solutions
Buyers for for wearable devices, | High up with combining
Wearables | which may hinder leading wearables with
acceptance of wearable integrated RF
integrated RF sensing brands sensing
technology in routers. technology in
Wi-Fi routers to
enhance
functionality.
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Industry Industry Existing router Modera | Netgear, TP | Promote long
Rivalry Preference | manufacturers may te Link (Slow | term benefits of
resist integrating RF Wi-Fi 6 RF sensing
sensing due to existing adoption, technology,
partnerships or cost industry highlighting
concerns. reluctance) | advantages over
existing
technologies to
drive adoption.
Regulatory | Regulatory | Strict regulations on Modera | Google Implement
Barriers Frameworks | data privacy and te to Home "Privacy by
protection (e.g., GDPR,| High Devices Design" to
CCPA) pose challengeg (facing GDPR comply with
for integrating RF scrutiny) GDPR and CCP/

sensing in routers due
to sensitive data
collection.

ensuring privacy
measures are
integrated into
the system
architecture.
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6. Exploitation/Business Plag Elderly Care

The exploitation strategy translates the RF sensing innovation integrated inEo kfiiters

into a scalable commercialization pathway. The plan combines clear competitive positioning,
infrastructurebased deployment, and modular revenue streams to suppddption across

both institutional elderly care environments and horhased monitoring scenarios. By
leveraging existing connectivity infrastructure, the approach minimizes deployment barriers
while enabling rapid scaling and sustainable lergn growth.

6.1. Business Model Canvas

This Business Model Canvas defines the strategic framework for commercializing the
solution within the elderly care application scenario. By integrating the-seRBing
technology into Wi routers, the model enhances operational efficiency for caregivers
while ensuring longerm financial sustainability. The following sections describe how
technical innovation, diversified revenue streams, and strategic partnerships converge to
create a scalable, defensible, and higipact presence in the evolving diditaealthcare

ecosystem.

KEY PARTNERS

KEY ACTIVITIES

VALUE PROPOSITIONS

CUSTOMER RELATIONSHIPS

CUSTOMER SEGMENTS

* Hardware integration
partners (OEM/ODMs)

« Distribution partners (ISPs)
= Validation partners (care
facilities and Research
institutions)

+ Technology ecosystem
partners (smart home
platforms, healthcare system
integrators and solution
provider5)|

# Algorithm development
and optimization

* Router firmware
integration

* Pilot deployment and
validation

¢ Partner onboarding and
technical support

¢ Data analysis and model
training

¢ Business development and
partnership management

KEY RESOURCES

s Technical expertise in RF
and embedded systems

¢ RF sensing algorithms

s Integration framework

¢ Analytics Infrastructure

* Pilot deployment datasets

* Privacy-preserving
monitoring without cameras
or wearables

* Continuous passive
monitoring via existing Wi-Fi
infrastructure

* Activity recognition

* Support for independent
living of elderly people

* Reduced caregiver
workload and improved
safety

« Strategic partnerships with
OEMs and ISPs

s Pilot-based onboarding and
validation phase

* Technical integration
support and co-development
¢ Continuous software
updates and performance
improvements

CHANNELS

¢ OEM integration into
commercial Wi-Fi routers
* ISP service bundling within
broadband subscriptions

* Partnerships with smart-
home solution providers

* Direct collaboration with
elderly care facilities

« Pilot deployments and
demonstration projects

« Industry events and
healthcare technology
networks

Primary:

* Wi-Fi router manufacturers
s Internet Service Providers
(service bundling)

Secondary:

¢ Elderly care facilities and
assisted living providers

¢ Home-care service
organizations

¢ Smart-home ecosystem
integrators

* Families with elderly
relatives (indirect end users)

COST STRUCTURE

REVENUE STREAMS

+ R&D and algorithm development

+ Software engineering and integration
+ Cloud infrastructure and analytics

+ Technical support and maintenance
 Sales and partnership development

» Administrative and operational costs

* Integration fees from router manufacturers
+ Per-unit royalty on sensing-enabled routers
* Subscription fees via ISP monitoring services
+ Licensing fees for institutional deployments
* Premium analytics modules (advanced monitoring)
* Revenue-sharing agreements with partners

Figure 31¢ Business Model Canvas RF Holography in The Elderly Care Market
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6.1.1.Customer Segments

The commercialization strategy targets infrastructlegel stakeholders capable of enabling
large-scale deployment of RF sensing technology through existing connectivity ecosystems.
The primary customer segment consists of-RVirouter manufacturers sealg to
differentiate their hardware. These players operate in a highly competitive market where
incremental innovation in connectivity performance alone is no longer sufficient to sustain
competitive advantage. Integrating RF sensing technology transforougers into
multifunctional smarthome hubs, creating additional value for end users while opening new
servicebased revenue opportunities. Another segment includes Internet Service Providers
(ISPs), which can bundle monitoring capabilities as vadleeedservices within connectivity
subscriptions. ISPs benefit from increased customer retention, higher average revenue per
user, and differentiation in mature broadband markets. By leveraging their installed base of
routers, ISPs can deploy monitoring servioggh minimal additional infrastructure
investment.

Secondary customer segments include elderly care facilities, huaree providers, and
smarthome ecosystem integrators. These stakeholders benefit from -intvasive
monitoring solutions that improve safety and operational efficiency. In parallel, a dwect
consumer segment exists, targeting elderly individuals and families seeking affordable and
privacybased health/behavior monitoring solutions.

This multilayered segmentation enables both talmwn infrastructuredriven deployment
and bottomup consumer adoption.

6.1.2.Value Proposition

The core value proposition centers on privargserving, infrastructurdased monitoring

for elderly care, embedded directly into Wi routers. Unlike wearable devices or camera
based systems, the solution enables continuous monitoring without requbettavioral
changes from elderly users. By leveraging RF sensing technology, the system detects
movement and activity patterns through ambient signal analysis, ensuring a completely
contactless and nointrusive experience. This approach addresses seveydiritations of
existing technologies. Wearables require consistent user compliance and frequent charging,
while camerabased solutions raise significant privacy concerns and regulatory barriers. In
contrast, RF sensing embedded within existing netwofitastructure operates passively in

the background, reducing friction and increasing adoption potential. The solution therefore
supports independent living for elderly individuals while providing caregivers and family
members with actionable safety insightAdditionally, the infrastructurbased nature of the
technology allows for scalable deployment across both residential and institutional
environments. The solution becomes a foundational monitoring layer that complements
existing care workflows ratherhan replacing them. This positioning emphasizes
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augmentation of human caregiving through situational awareness, improving safety
outcomes while maintaining dignity and privacy.

6.1.3.Customer Relationships

The business model emphasizes lbegn strategic relationships rather than transactional
hardware sales. For router manufacturers and ISPs, engagement begins withasiwt
onboarding designed to validate technical performance and demonstrate valeakworld
environments. This collaborative phase allows partners to assess integration complexity,
evaluate monitoring accuracy, and quantify potential revenue opportunities.

Following successful validation, relationships transition into licensing agreements combined
with ongoing technical support and software updates. This approach fosters sustained
collaboration and creates recurring value for partners. Continuous improvesriergensing
accuracy, analytics capabilities, and regulatory compliance are delivered through software
updates, ensuring that deployed systems remain competitive over time.

For consumefacing deployments, customer relationships can evolve toward subscription
based service models. End users benefit from continuous monitoring, alerting features, and
periodic feature enhancements. This recurring engagement strengthens custeteation

and creates predictable revenue streams. Overall, the relationship model prioritizes trust,
longterm value creation, and collaborative innovation.

6.1.4.Revenue Streams

The revenue model is designed to balance immediate monetization withteongrecurring
income. The primary revenue stream derives from technology licensing agreements with
router manufacturers, allowing them to integrate RF sensing capabilities intogieducts.
These agreements may include upfront integration fees combined witkupgrroyalties,
ensuring scalability as device shipments increase.

A second revenue stream emerges from software analytics subscriptions, particularly in ISP
led deployments. Monitoring services can be offered to households as monthhprasd
generating recurring revenue while providing continuous value throughtnea insights

and alerts. This Sadi8e component enhances financial predictability and supports-ong
term growth.

Additional revenue opportunities include revensbaring agreements with ISPs, onboarding
and integration fees for enterprise deployments, and premium analytics modules for
advanced monitoring features. These modules may include predictive risk analysis,
behavioral anomaly detection, and caregiver dashboards. The combination of licensing,
subscriptions, and partnerships creates a diversified and resilient revenue architecture.

HOLDEN 101099491 D6.7 Results of the market analysis 118



6.1.5.Key Resources

The competitive advantage of the business model relies on a combination of technological
and organizational resources. At the core are proprietary RF sensing algorithms capable of
extracting meaningful behavioral and physiological indicators from ambigfi\signals.
These algorithms are complemented by embedded antenna designs optimized for
integration within commercial routers. Additional key resources includba&ed activity
recognition models, software integration frameworks, and data processimgsinéicture.
Regulatory compliance documentation and privégydesign architecture represent critical
non-technical assets, particularly in healthcasdated deployments. Market validation data
obtained from pilot deployments further strengthens credilyiland supports commercial
expansion.

6.1.6.Key Activities

The primary operational activities focus on continuous refinement of sensing algorithms and
integration capabilities. Ensuring high detection accuracy across diverse environments
requires ongoing model training and performance optimization. Firmware iategr with

router platforms also represents a critical activity, enabling seamless deployment across
different hardware configurations.

Additional activities include partner onboarding, pilot deployment management, and
regulatory compliance monitoring. Marketing and business development efforts support the
expansion of OEM/ODM and ISP partnerships. Continuous product improvement based on
field feedback ensures that the solution evolves in line with user needs and technological
advancements.

6.1.7.Key Partnerships

Strategic partnerships play a central role in accelerating adoption and reducing market entry
barriers. Router manufacturers provide the primary hardware integration pathway, while
ISPs enable larggcale service deployment. Collaboration with srdamme ecosystem
providers enhances interoperability with existing devices and platforms.

Healthcare technology companies and research institutions contribute to validation and
clinical credibility. These partnerships support performance evaluation, regulatory
acceptance, and market trust. By aligning with infrastructure owners and ecosystem
stakeholders, the solution becomes embedded within existing digital environments,
facilitating scalable adoption.
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6.1.8.Cost Structure

The cost structure reflects a technoledyiven model characterized by high initial
development investment and relatively low marginal deployment costs. Fixed costs include
research and development, algorithm optimization, integration engineering, anahéssi
development activities. These investments are necessary to maintain technological
differentiation and support partner onboarding.

Variable costs are primarily associated with software maintenance and upgrade, and
technical support for deployed systems. Because the solution leverages existirg Wi
infrastructure, hardwarerelated expenses remain minimal.

6.2. Revenue Model & Financial Architecture

This section defines the economic logic underpinning the commercialization of RF sensing
technology integrated into Wi routers. Financial architecture is designed to leverage
infrastructuredriven scalability while maintaining an asdight operational model. By
focusing on technology licensing, pemit royalties, and optional revenugharing
agreements, the model enables sustainable growth without requiring direct management of
end-user monitoring services. The revenue model follows a hybrid struatorebining
upfront integration revenues with recurring royalbased income. This approach ensures
early cash flow during initial partnerships while generating {@rgn recurring revenues as
sensingenabled routers scale in volume. Additional upside maythieved through limited
participation in downstream subscription services offered by integration partners. This
structure improves predictability and supports high contribution margins.

6.2.1.Pricing Logic

The commercialization strategy for the eldedgre RF sensing platform follows a pure
softwarelicensing business model targeting broadband operators, internet service providers
(ISPs), WFi router manufacturers, and smambme connectivity ecosystems. Unlike
traditional healthcaredevice business models requiring dedicated sensing hardware
deployments, the HOLDEN approach leverages existidg ®id broadband infrastructures
already deployed within residential and assistadng environments. The solution is
commercialized as an embedded RF sensing and environriatedigence software layer
integrated directly into ISP broadband gatewaysiZW router platforms, smarhome
connectivity ecosystems, and edgmputing residential infrastructures. Target
commercialization partners include Wi router manufacturers, broadband gateway OEMs
and ODMs, fixeshetwork operators, and smaitome platform providers. Indicative
industrial targets include Netgear, Askey, Gemtek, Nokia, Vodafone, TIM, and Charter
Communications. The commercialization mbadembines pedevice licensing revenues
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with recurring annual maintenance agreements. Indicative licensing assumptions are
summarized in Table 28.

Table 28; Estimated Licensing Revenue Assumptions

. . Estimated
Licensing Type
g'yp Value
Standard embedded sensing license e n®epmdp n LIS
Premium wellnes®riented sensing license e Mm®pandnn LIS

5-10% of annual

Annual maintenance agreements . .
licensing revenues

Maintenance cap dempnl LISNJI {

The licensing architecture is designed to support lesgale broadband deployments, low
marginal deployment costs, scalable ISP integration, and infrastructure reuse across existing
router ecosystems. Annual maintenance agreements cover firmware maintenan
compatibility validation, security updates, interoperability maintenance, platform support,
and incremental firmware upgrades. The overall commercialization strategy intentionally
avoids dedicated hardware manufacturing, direct healthede®ice commetialization, and
operational analyticservice provision, thereby enabling strong scalability through existing
telecom and broadband distribution channels.

6.2.2.Cost Structure

The operational cost structure reflects the softwarentric and infrastructurentegrated
nature of the elderlycare RF sensing commercialization strategy. Because the business
model follows a pure licensing approach without dedicated hardware manufacturi
operational expenditures remain substantially lower than traditional infrastrucseeurity

or healthcaredevice deployment models. Most operational expenditures are concentrated
during initial firmware integration, interoperability validation, chipselaptation, and ISP
onboarding phases. After successful onboarding of a router SKU/platform, incremental
deployment costs are expected to remain relatively low. Indicative annual fixed operational
costs are summarized in Table 29.
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Table 29: Estimated Annual Fixed Operational Costs

Fixed Cost Category Annual Fixed Cost
RF sensing & Al software R&D ennni
Firmware integration engineering eonni
ISP/OEM interoperability validation € HH N
Privacy, cybersecurity & compliance € MH N
Business development & operations €EHpPpANY
Total Estimated Annual Fixed Cost € MPH ha

The largest operational cost drivers are expected to include RF sensing algorithm
development, interoperability validation across router platforms, chipset adaptation,
firmware optimization, ISP integration support, and cybersecurity compliance. Commercial
deployments require adaptation and testing across Broadt@sed platforms, Qualcomm
based platforms, MediaTek architectures, Realtek broadband platforms, andspé&dfic
firmware environments. Because the commercialization model does not require dedicat
hardware deployment, fiekinstallation operations, or operational analytics services,
marginal deployment costs remain relatively low once firmware integration and
interoperability validation are completed. Commercial scaling is therefore expected to
progressively reduce operational overhead through reusable firmware integration
frameworks, standardized chipset support layers, deploymetidation automation, and
strategic OEM and ISP partnerships

6.2.3.Contribution Margin

Contribution margins are expected to evolve differently from traditional infrastructure
deployment business models because the HOLDEN commercialization strategy follows a
pure softwarelicensing approach integrated into existing ISP and router ecosysios.

of the engineering, interoperability validation, and firmware adaptation activities occur
during the initial OEM integration phase, chipset adaptation, ISP provisioning validation, and
platform-specific optimization activities. Once integration intayi@en router platform is
completed, subsequent deployment scaling across the same OEM or ISP ecosystem requires
only limited incremental operational effort.

Indicative commercialization economics are summarized in Table 30.
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Table 30: Contribution Margin Assumptions

. . Initial Integration Contribution
Commercial Activity Average Revenue g .
Cost Margin
Routerplatform EMPpPN Sl dz
P . .p .1 J € bni ~40%
onboarding engineering effort
. EHPAN Sl dz
ISP pilot deployment Pl ) e mp ni ~40%
deployment value
Postintegration Recurring firmware Low incremental
) g . . g 75¢90%
recurring licensing license revenues cost

These integration costs primarily represent eim@e engineering expenditures associated
with firmware adaptation, interoperability testing, chipset optimization, and deployment
validation activities. After successful onboarding and interoperability viadiddor a given
router SKU/platform, subsequent deployment scaling benefits from reusable firmware
integration frameworks, completed interoperability validation, and maintenance obligations
that remain proportional to deployeticense volumes while suppoexposure remains
capped per SKU/platform. Annual maintenance and support agreements cover firmware
updates, platform compatibility maintenance, security patching, incremental feature
upgrades, and customer technical support. Contribution margins aretbey expected to
improve substantially after onboarding phases because most engineering costs are incurred
once during initial integration activities while subsequent deployments generate limited
incremental operational costs.

6.2.4.BreakEven Analysis

The breakeven analysis reflects the commercialization dynamics associated with telecom,
ISP, and broadbanridfrastructure ecosystems. Unlike hardwargensive healthcaralevice
business models, the HOLDEN commercialization strategy leverages existing ISP
infrastructures, deployed V4 gateways, broadband router ecosystems, and firmwevel
sensing integration, thereby significantly reducing capital intensity while improving long
term scalability. Commercialization timelines are nevertheless influenbgd OEM
integration cycles, ISP validation procedures, interoperability testing, firmargication
processes, and procurement approvals. Typical telecom and ISP integration cycles are
expected to require approximately ¢24 months for validation, integtion, and operational
deployment approval. The first commercialization phase is expected to require total
AyoaSaidySyda 2F FLIINRPEAYIFGSte eodna 20SN GK
allocation is summarized in Table 31.

HOLDEN 101099491 D6.7 Results of the market analysis 123



Table 31¢ Estimated Investment Allocation

Investment Category Estimated Investment
RF sensing & Al product industrialization emMPna
Firmware integration & interoperability validation eTnnl
Commercial development & ISP partnerships €Epnni
Privacy, cybersecurity & compliance eEpnnij
Platform optimization & deployment validation €eonnij
Total Estimated Investment eodna

Part of these commercialization activities may be partially supported through ISP pilot
partnerships, OEM cedevelopment initiatives, European innovation programs, and
collaborative telecom deployment activities. The brealen model assumes a licensing
driven commercialization strategy involving broadband operators, router manufacturers,
connectivity OEMs and ODMs, and srdaotne infrastructure providers. Under realistic
telecom and ISP commercialization assumptions, operational break is expected with
approximately 85 years through a combination of@ active OEM and ISP partnerships,
recurring firmwarelicense revenues, scalable ISP deployment volumes, and annual
maintenance agreements. At operational breaken, recurring firmwardicense revenues

are expected to represent the substantial majority of total revenues, while maintenance
agreements provide stable recurring support revenues with limited operational exposure
through capped support obligations.

6.2.5.FiveYear Revenue Scenarios

Three commercialization scenarios were evaluated to estimate the potential financial
evolution of the RF sensing licensing platform across ISP, broadband, andhsmart
ecosystems. All scenarios assume that recurring maintenance revenues scale profigrtiona
with deployedlicense volumes, annual maintenance obligations remain capped per router
SKU/platform, and the majority of engineering effort occurs during onboarding and
interoperability-validation phases. Across all scenarios, recurring firmeease revenues

and maintenance agreements are expected to progressively dominate the revenue mix,
improving operational leverage, financial predictability, and toergn profitability.

Conservative Commercialization Scenario
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The conservative scenario assumes relatively slow ISP procurement cycles, limitéa pilot
commercial conversion, and gradual OEM adoption driven primarily by -sozéd
residential deployments.

Table 3%; Conservative Commercialization Scenario

Year Total Revenue Total Cost Profit/Loss
Year 1 €n®Ha €E M®PH a €cm®dna
Year 2 ENnNodca e M®dn a € 1Py a
Year 3 EMDp a €E MPy a € ndoa
Year 4 ceodna €EH®Ma Endc a
Year 5 Epdna € 0 PH a €E MDY a

Under this scenario, operational breaken is expected during Year 4 as recurring firmware
license revenues progressively accumulate across deployed ISP infrastructures and
maintenance agreements begin generating stable recurring cash flow. Slower omgpard
dynamics and limited deployment scale delay profitability compared with more aggressive
commercialization assumptions.

Moderate Commercialization Scenario

The moderate commercialization scenario assumes successful ISP pilot deployments,
progressive OEM integrations, recurring licensing growth, and broader expansion across
broadband ecosystems.

Table 3% Moderate Commercialization Scenario

Year Total Revenue Total Cost Profit/Loss

Year 1 endopa e Mmdo a € nNnddhp a
Year 2 emdna e m®dc a - ndca
Year 3 EHDpa € HDPHa e ndoa
Year 4 eEpdna € 0PHa e MmPy a
Year 5 eydna endpa €eodpa

Under this scenario, operational breeken is expected during Year 3 through a combination

of recurring firmwarelicense revenues, expanding ISP deployment volumes, OEM
integrations, and maintenance agreements associated with deployed broadband platforms.
By Year 5, recurring licensing and maintenance revenues are expected to represent the
majority of total annual revenues, thereby improving operational leverage, financial
predictability, and longerm profitability.
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Broadband / ISP RF Sensing Business Forecast (5 Years)

8- EEM Revenue
mm Total Costs
Bl Profit

€ Millions

| A
g =

Year 1 Year 2 Year 3 Year 4 Year 5

Figure 32; Five years revenue/cost/profit forecast for moderate growth scenario

Partnershipdriven Scaling Commercialization Scenario

The partnershigdriven scaling scenario assumes accelerated OEM onboarding, strong
ecosystem credibility, successful lighthouse deployments with major broadband operators,
and rapid expansion of recurring softwaieense revenues across multiple ISP plaifs.

Table 34 Partnershipdriven Scaling Commercialization Scenario

Year Total Revenue Total Cost Profit/Loss
Year 1 ENnNodpa emMmodna - ndda
Year 2 E MDY a e Mmdpa € ndma
Year 3 endna €EHODYa €E MOH a
Year 4 ETPpa endna eodpa
Year 5 EMH®Na EpPpa ecdpa

Under this scenario, operational breaken is expected between Years 2 and 3 as recurring
firmware-license revenues scale rapidly across multiple OEM and ISP ecosystems while
operational costs remain partially capped after initial integration phases.itBpdity
improves substantially in later commercialization stages because recurring licensing
revenues scale with deployed broadband infrastructures while incremental operational costs
remain comparatively limited.
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6.2.6.Financial Sustainability

The longterm financial sustainability of the commercialization model derives from recurring
per-device firmware licensing, scalable ISP deployment volumes, reusable firmware
integration frameworks, maintenance revenues proportional to deplelyeehse valmes,
capped annual support obligations per SKU/platform, and low marginal operational costs
after onboarding. Unlike hardwareentric healthcaremonitoring solutions, the HOLDEN
business model avoids dedicated sensing hardware manufacturing, large depib@APEX,
complex fieldinstallation operations, and infrastructure replacement costs. Because
interoperability engineering is primarily concentrated during onboarding phases,
subsequent deployments require limited incremental effort and maintenance expos
remains operationally bounded. As a result, the business model benefits from strong
operational leverage, scalable recurrihcense economics, and predictable letegm
support costs. The commercialization strategy also benefits from increasing-somag
adoption, broadband infrastructure modernization, agipgpulation trends, and growing
demand for privacypreserving sensing technologies. Because the solution operates through
existing connectivity infrastructures, loigrm scalability can be achieg without requiring
substantial physical deployment expansion, thereby supporting sustainable growth while
maintaining relatively low operational complexity.

6.3. Market Entry Roadmap

The market entry roadmap translates the business model and financial architecture into a
phased commercialization strategy designed to minimize technological, operational, and
commercial risks while enabling scalable deployment. The approach prioritiidatioen
through pilot deployments, followed by structured partnerships with router manufacturers,
broadband operators, and smahnibme ecosystem stakeholders. This staged methodology
ensures that technological performance, interoperability, user acceptaand economic
value are demonstrated before largeale market penetration.

The roadmap emphasizes infrastructedgven adoption through router manufacturers,
ODMs, and Internet Service Providers, allowing scalable deployment while maintaining
relatively low capital intensity. By leveraging existing broadband and connectivity
ecosystems, the strategy reduces deployment complexity, accelerates access to both
institutional and consumer markets, and progressively increases recurring firrdivanse
revenues associated with deployed infrastructures.

Commercialization timelines are aligned with realistic telecom and ISP validation cycles,
which typically require extended interoperability testing, firmware certification,
cybersecurity validation, and operational integration activities before lscpe
deployment approval.
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6.3.1.Phase X Pilot Validation and Technical Consolidatiogl@months)

The first commercialization phase focuses on validating the RF sensing technology within
realworld broadband and elderlgare environments while consolidating producticeady
technical maturity. Initial pilot deployments are conducted in collaboratioth welected
router manufacturers, ODMs, and early ISP partners. These pilots target controlled
environments such as elderbare facilities, assisteliving residences, and selected
residential households to evaluate sensing accuracy, operational réyialiteroperability,

and user acceptancelThe objectives of this phase include demonstrating movement
detection performance, validating activitgcognition accuracy, assessing integration with
existing router hardware and broadband infrastructures, and evaluating operational stability
under realdeployment conditions. Quantitative performance metrics, including detection
precision, falsealarm rates, latency stability, and sensing reliability, are collected alongside
gualitative feedback from caregivergstitutional operators, and end userfuring this
phase, technical consolidation activities include firmware optimization, interoperability
validation across multiple router platforms, cybersecurity assessment, pro@opliance
validation, and edg@rocessing optimization. By the end of Péds the solution is expected

to reach pilotready commercial maturity supported by validated operatiepatformance

data. The outcomes of this phase support technical consolidation, reduce adoption barriers,
strenghen ecosystem credibility, and prepare the solution for formal commercial
partnership agreements.

Target outcomes

1¢2 router manufacturer or ODM pilot integrations

1¢3 elderlycare pilot environments

200c500 monitored households

Productionready interoperability framework

Commercial validation dataset supporting ISP onboarding

6.3.2.Phase Z; Partnership Expansion and Early Commercial Deployment
(12¢24 months)

Following successful pilot validation, the second commercialization phase focuses on
expanding partnerships with router manufacturers, ODMs, and Internet Service Providers.
This phase marks the transition from pilot validation to early commercial deploymen
generating initial recurring firmwaricense revenues and maintenance agreemeiitse
objective is to integrate RF sensing functionality into commercial broadbauner product

lines through formal OEM and ODM agreements while enabling initial spbeorbased
monitoring services across selected ISP ecosystems. These partnerships support the release
of sensingenabled router platforms integrated within existing broadbasetvice portfolios
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targeting households with elderly residents and assidieidg applicationsActivities during

this phase include firmware industrialization, interoperability standardization, deployiment
validation expansion, operationaupport optimization, recurrindicense framework
definition, and commercial onboarding activities with additdbrbroadband ecosystem
partners. Marketing and ecosysterdevelopment activities during this stage emphasize
awareness building, operational education, and stakeholder engagerbemonstrations,
webinars, industry events, healthcare partnerships, and sthame ecosystem
collaborations support outreach toward healthcare providers, ISPs, and elchdy
stakeholdersBy the end of this phase, the commercialization model is expected to transition
from pilot-oriented deployments toward repeatable ecosystem integration and scalable
recurringlicense economics.

6.3.3.Phase X Market Scaling44¢48 months)

The third commercialization phase focuses on scaling through broader ISP adoption,
recurringlicense expansion, standardized interoperability frameworks, and progressive
integration into larger broadband and smdrome ecosystems.At this stage,
interoperability engineering, onboarding procedures, and deploymaiidation activities

are expected to be substantially standardized, enabling stronger operational leverage, lower
marginal deployment costs, and scalable recurring firmweense revenues. Comnaal
growth is expected to be driven primarily through recurdigense expansion across
deployed router infrastructures rather than engineerimgensive onboarding activities.
Activities include expansion across additional ISP ecosystems, broader OEM and ODM
partnerships, deployment automation, analytssrvice enhancement, and maintenance
service optimization. The installed infrastructure base progressively generates recurring
revenues associated with firmware licensing, maintenance agreements, asad@ivices,

and platformsupport activities.Because the commercialization model leverages existing
broadband infrastructures and embedded deployment architectures, scaling can be
achieved without substantial physical deployment complexity or hardware manufacturing
expansion. This significantly immes financial predictability and loftgrm profitability

while maintaining relatively limited incremental operational costs.

6.3.4.Phase £ LargeScale Deployment and Ecosystem Integraté&qg0
months)

The fourth commercialization phase focuses on lsgale ecosystem integration,
international expansion, and lorigrm recurringrevenue optimization across mature
broadband and smaihome infrastructuresAt this stage, the commercialization strategy
aims to establish RF sensing functionality as a standardized-adflexl feature within

broadbandrouter ecosystems and connectéwbme platforms. Commercial growth is
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expected to derive primarily from recurridigense revenues, installdasase monetization,
firmware-maintenance agreements, analytissrvice expansion, and ecosystevide
interoperability frameworksActivities include multregion ISP expansion, integration into
broader smarthome and ambientssistediving ecosystems, loAgrm strategic
partnerships with telecom operators and connectivity vendors, and optimization of scalable
deploymentsupport frameworks.Because operational complexity remains palyi@iapped

after onboarding and interoperability standardization, mature commercialization conditions
are expected to generate strong operational leverage and predictableteingprofitability.
Recurringlicense and maintenance revenues are expected wmgpssively dominate the
revenue mix while incremental deployment costs remain comparatively limited.

6.3.5.Risk Mitigation Strategy

The commercialization strategy incorporates a phasedmisilgation framework designed

to address technological, operational, regulatory, ecosystem, and madabtion risks
associated with RF sensing deployment within broadband infrastructliezfinical risks are
mitigated through progressive pilot validation, interoperability testing across multiple router
platforms, firmwarestandardization activities, and staged ecosystem integration.
Operational risks are reduced through partnerstiven ceploymen models that leverage
existing ISP infrastructures and avoid lasgale dedicated hardware deployment
requirements.Regulatory and privaeselated risks are mitigated through privaby-design
architectures, edgg@rocessing approaches, cybersecurity validation procedures, and
compliance with  GDPR and emerginggé¥ernance frameworks. Commercial risks
associated with IS procurement cycles and OEM onboarding are mitigated through phased
commercialization, diversified ecosystem partnerships, and progessgeographic
expansionThe phased roadmap further reduces commercialization uncertainty by ensuring
that largescale deployment activities occur only after operational validation, ecosystem
compatibility assessment, and commeraiehdiness confirmation.

6.3.6. Strategic Growth Outlook

The longterm strategic outlook for RF sensing within elderére ecosystems remains highly
favorable due to demographic aging, increasing caregiver shortages-sorag expansion,
broadband infrastructure modernization, and growing demand for priya@gerving
monitoring solutions.Unlike conventional healthcarmonitoring technologies requiring
dedicated hardware or wearable devices, the HOLDEN commercialization strategy benefits
from scalable integration into existing connectivity infrastructuress Emables longerm
expansion with relatively limited incremental deployment complexity and reduced
operational exposureAs interoperability frameworks become standardized and recu+ring
license revenues progressively dominate the business model, the commercialization strategy
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is expected to benefit from increasing operational leverage, predictable recurring revenues,
and scalable ecosystem expansion across both institutional and residential care
environments.

6.3.7.Intellectual Property Strategy

Intellectual property protection is a critical pillar of the exploitation strategy, ensuring
technological differentiation and supporting lotgrm commercial value. The RF sensing
solution combines signal processing algorithms, embedded firmware integraand Al
based activity recognition models, creating multiple layers of protectable innovation. Rather
than relying on a single protection mechanism, the strategy adopts a balanced approach
combining patents, trade secrets, and softwdrased control meganisms. Selective
patenting focuses on architectural innovations that are difficult to replicate, particularly
those combining RF signal sensing with behavioral inference for elderly monitoring. Potential
patentable elements include signal processing techniques dctivity detection, fall
recognition algorithms, and methods for integrating sensing functionality inté-Muters
without additional hardware complexity. Initial filings should prioritize European
jurisdictions, with potential extension to dith America and Asia depending on
commercialization expansion. Given the softwasntric nature of the system, trade secret
protection represents an equally important component. Higilue assets such as model
training datasets, optimization parameterigature extraction pipelines, and integration
tuning methods are best protected through restricted access and confidentiality
agreements. This approach avoids premature disclosure while maintaining flexibility in
future developmentTypically, a SaaS arguture further strengthens intellectual property
protection. Core analytics algorithms remain serga&te, preventing transfer of proprietary
code to hardware partners. As deployments scale, anonymized performance data becomes
a strategic competitive asg@mproving model accuracy and creating a ddtaven barrier

to entry for competitorsThis layered IP strategy strengthens defensibility, increases investor
confidence, and supports lortgrm scalability within the elderly care technology market.

6.3.8.Capital Strategy and Funding Requirements

The commercialization pathway is designed to maintain moderate capital requirements
while enabling scalable growth. Because the solution leverages existirgiftiastructure,
hardware manufacturing investments are minimal, reducing upfront capital sitgnThe
primary funding needs relate to technology refinement, algorithm optimizatieployment
support and validation, integration engineering and partner onboarding, marketing, and
business development, regulatory and legal support.

Total estimated scaldzL] Fdzy RAYy3IY eodna
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This funding supports the transition from prototype to commercial deployment and covers
operational costs until breakven. Based on the financial model, brealen is achievable
within approximately 11 ISP partnerships or equivalent deployment scalehwaexpected
during Phase & of market entryThe capital strategy prioritizes staged investment aligned
with validated milestones. Initial funding supports pilot validation, followed by additional
investment to accelerate partnership expansion. This approach reduces financial risk and
ensures efficiat capital utilization.Potential funding sources includeuropeaninnovation

and digital health funding programpublic grants supporting aging population technologies
strategic corporate partnerships with router manufacturengenture capital investmen
focused on deeftech 10T solutionsThe combination of moderate capital requirements and
recurring revenue potential enhances investor attractiveness and supports sustainable
growth.

6.3.9.Rsk Mitigation and Financial Resilience

Longterm financial resilience derives primarily from recurring firmwhcense revenues,
maintenance agreements, scalable deployment volumes, reusable interoperability
frameworks, and relatively low marginal operational costs after onboarding phases are
completed.Because engineering and interoperability activities are concentrated primarily
during initial integration phases, subsequent deployment scaling generates progressively
stronger operational leverage and more predictable kegn support costs. fle business
model therefore becomes increasingly resilient as installed deployment volumes expand
across ISP and OEM ecosystefamancial resilience is further strengthened through
diversified partnership structures involving router manufacturers, ODMs, broadband
operators, healthcare ecosystem stakeholders, and sthame technology providers. This
diversified ecosystem reducesmeEndency on single deployment channels while supporting
long-term recurringrevenue stability.

6.3.10. Strategic Financial and Commercial Conclusion

The exploitation strategy demonstrates a scalable and financially sustainable pathway for
commercializing RF sensing technology integrated into broadband aifdl irastructures.

The business model combines onboarding and integration revenues with iregéirmware
license revenues and maintenance agreements, enabling progressively improving
contribution margins, scalable operational leverage, and predictable-tiermy growth. By
leveraging partnerships with router manufacturers, ODMs, and broadbandatgrsr the
solution can scale rapidly without requiring substantial direct investment in hardware
manufacturing, dedicated deployment infrastructures, or lasgale fieldinstallation
operations. The financial analysis indicates strong kegn profitability potential, with
mature recurringlicense contribution margins potentially exceeding ¢80% after
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onboarding and interoperability engineering activities are completed. Depending on
commercialization speed and ecosystem adoption dynamics, operational -break is
expected between Years 3 and 4 under realistic deployment assumptions, while accelerated
partnership expansion may enable earlier profitabilBgrategically, the solution addresses

a critical societal need driven by demographic aging, caregiver shortages, and increasing
demand for privacypreserving monitoring technologies. By enabling movasive
monitoring without cameras or wearable devices, the technology aligns with emerging
regulatory frameworks, ethical requirements, and user expectations surrounding privacy and
data minimization.Overall, the proposed exploitation strategy establishes a coherent,
defensible, and scalable commercialization pathway. The combination of strong technical
differentiation, recurringlicense economics, limited marginal deployment costs, phased
ecosystem itegration, and scalable infrastructure reuse createsohust foundation for
transforming RF sensing technology into a sustainableterg business opportunity within

the elderlycare ecosystem.

6.4. Marketing and Communication

Marketing for RF sensing technology focuses on introducing the product as aacdaleeé
feature for WiFi routers, specifically designed to enable fowvasive monitoring of
movement and activity recognition. Without the need for additional devices, wdesalor
cameras, this feature will significantly enhance elderly care by providinginealhealth
insights and improving safety. We aim to build awareness among ISPs and router
manufacturers about the technology's unique capabilities and its potentslipgport elderly

care without requiring invasive or complex setups.

Our plan to introduce RF sensing technology into-FWrouters involves a tailored
communication approach, focusing on educating and inspiring ISPs and manufacturers.
Through multichannel outreach, including webinars, a mix of digital media, and strategic
alliances we will empower ISPs and manufacturers on the value proposition of our innovative
technology, aiming to foster partnerships and drive adoption.

6.4.1.Positioning and Market Penetration

Our primary objective is to position RF sensing technology as an essential, innovative feature
for Wi-Fi routers, enhancing their functionality while adding value. This includes features
such as movement monitoring and activity recognition for elderly caneemerging demand

in the market.
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Key Goals

6 Educate the Market on BenefitdVe will focus on educating ISPs and manufacturers
about the competitive advantages of integrating RF sensing technology into their
products. This includes demonstrating how it can provide differentiation.

0 Establish Key PartnershipsEstablishing strategic partnerships with router
manufacturers, ISPs, and other tech companies will be crucial for market penetration.

o Build Awareness through Effective Campaigi®y leveraging targeted digital and
social media campaigns, webinars, and public relations, we aim to generate
awareness and create demand for RF sensing technology.

6.4.2.Public Relations

Press Releases

Press releases will be strategically timed to announce key milestones, such as technology
advancements, partnerships, and product launches. These will be distributed to leading
industry outlets to ensure visibility among ISPs and manufacturers.

CoMarketing
Forming cemarketing partnerships with complementary technology providers, such as

router manufacturers or healttech companies, will help leverage each partner's audience
and increase the credibility of the RF sensing technology. Joint campaigns angtprod
bundles can demonstrate how the integrated solution provides additional value in markets
like elderly care.

Social Media Campaigns

Social media platforms like LinkedIn and X are essential for targeting professionals in the ISP
and router manufacturing industries. Through a mix of organic posts, sponsored content,
and interactive discussions (e.g., polls, Q&A sessions), we can engagagb customers,

share success stories, and position the technology as a key differentiator.

Webinars & Online Demos

Offering live webinars and online demos provides a direct, interactive channel to showcase
the technology's capabilities and answer specific customer inquiries. This approach allows us
to address reatime concerns, showcase product functionality, and bish credibility by
LINBASYyGAy3a GKS LINRPRdAzOGQa AYLI OO0 2y ySiGég2N]

Event Participation
Participating in industry conferences and trade shows (e.g., CES, Broadband World Forum) is
crucial for networking, raising product awareness, and directly engaging with key players in
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the industry. These events offer opportunities for faoeface interaction with 1ISPs and
router manufacturers, which is essential for building relationships and exploring co
marketing or partnership opportunities.

Digital Ads plus Visual Content

Digital advertising will help reach a targeted audience of ISPs and router manufacturers.
Visual content, such as infographics and explainer videos, can illustrate the technology's
benefits, such as unique features like activity monitoring for elderly.céines approach
leverages platforms with high engagement from industry professionals and deonsikers,
particularly in the B2B space.
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7.Market Analysisc Smart TV

7.1.SWOT Analysis

The convergence of RF sensing technology with Smart TVs represents a unique opportunity
to redefine user interaction within the connected home ecosystem. With the rise of loT
integration and personalized content delivery, Smart TVs are no longer justvg@assi
entertainment devices. Incorporating RF sensing could further elevate user engagement
through gesture control, presence detection, and Aotrusive health monitoring, creating

a seamless, intuitive experience that adapts to user behavior and prefesence

Strengths

* RF sensing detects presence with 95%+ precision,
enhancing user interaction capabilities.

= RF sensing increases level of privacy by avoiding
visual data capture.

= The technology offers real-time responsiveness
(latency as low as ~10ms)

= The growing demand for Smart TVs with innovative
technology, aligns with RF sensing innovation.

E &) over what gets recorded or transmitted.
= Threats
* Energy consumption could increase up to 15% due & Despite being camera-free, 72% of RF sensing

to continuous sensing.

= Security of RF-equipped Smart TVs is a concern
(internet-connected devices potentially vulnerable
to remote hacking).

= Signal strength drops by 40% beyond 5m; dense
walls or metal reduce accuracy by up to 12%.

= RF  Sensing technology requirese further
development before widespread commercialization.

Opportunities

= Increasing demand for premium and loT-centric
models as in the United States, Smart TVs are now
present in 83% of households.

= As sensor based smart device market is maturing,
early entrants with high-end technology can capture
a perceived value.

= By design, RF sensing can process motion/presence
data locally (on-device), giving users direct control

devices can still reveal sensitive health matrix to
third party.

= The rise in signal spoofing attacks on Smart TVs
poses a significant threat to RF sensing systems.

= The current limited readiness for deployment
increases the risk of delayed market entry.

= Delays in deployment and challenges in
commercialization could undermine its competitive
advantage.

Figure33¢ SWOT Matrix for the Smart TV Market

7.1.1.Strengths

The integration of RF sensing technology within Smart TVs offers several key advantages that

enhance both functionality and user experience:

o Reliability and ResponsivenesRF sensing technology excels in accuracy, detecting
user presence with over 95% precision and detecting motion up to 30 feet

(approximately 9 meters), enhancing user interaction capabili9&p [

6 Privacy Preservation Unlike camerdased systems, RF sensing ensures 100%

privacy by avoiding visual data capture positioning it as a secure and phikeaojly

solution P2].
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6 Low Latency and Scalabilityrhe technology offers redilme responsiveness (latency
as low as 10 milliseconds) and is scalable to different Smart TV systems, making it
versatile p3].

6 Market Demand The growing demand for Smart T\&g], along with RFsensing
scalability, positions it as a promising innovation.

7.1.2.\Weaknesses

Despite its promising capabilities, RF sensing technology faces several challenges that could
hinder its widespread adoption:

6 Energy ConsumptionContinuous RF sensing increases power consumption by 15%,
potentially reducing overall energy efficien®p].

6 Security Vulnerabilities The security of Réquipped Smart TVs is a concern, with
90% of such devices vulnerable to remote hacking via rogue TV si@fials [

6 Limited Range and Environmental Sensitity wC a Sy aAy3Qa I OOdzNI
40% beyond 5 meters, and performance can decline by up to 12% in environments
with dense walls or high metal conterfiq].

6 Commercial ReadinessThe technology is not fully prepared for widespread
commercialization and requires further development before it can be seamlessly
integrated into consumer Smart T\A@8J.

7.1.3.0pportunities

Several market trends present significant opportunities for the adoption and growth of RF
sensing technology in Smart TVs:

6 Growing Smart TV MarketThe growing Smart TV market, with 76.5% of UK
households owning Smart TVs in 2024 and in the United States, Smart TVs are now
present in 83% of households, provides significant opportunities for RF sensing
technology to expand its reach9p [100].

6 Investment Potential As the technology matures, it presents a strong opportunity
for high returns on investment (ROI), attracting investors eager to capitalize on a
rapidly expanding market.

o Regulatory Compliancé wC aSyaAiAy3a (GSOKyz2f23eQa | A:
privacy and security regulations positions it as a potential leader in the industry,
giving it a competitive edge in a privacgnscious market [11].

6 User Data Control There is a growing opportunity to enhance user control over
personal data, empowering consumers with greater control and transparency in how
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their data is used, which aligns with current market trends towards data self
governance.

7.1.4.Threats

Despite the promising potential of RF sensing technology, several threats could hinder its
successful market entry and adoption:

6 Privacy ConcernsDespite privacy benefits, RF sensing is still vulnerable to privacy
violations. Concerns about thhgiarty data sharing, with 72% of loT devices
transmitting user data, could hinder consumer trust and adoptid®2]1

6 Competition and Market ReadinessRF sensing faces stiff competition from more
marketready or easily integrable technologies. Delays in deployment and challenges
in commercialization could undermine its competitive advanta@3]1

6 Cybersecurity RisksThe rise in signal spoofing attacks on Smart TVs (increasing by
22% last year) poses a significant threat to RF sensing systems. Addressing
cybersecurity vulnerabilities is essential to maintain user confiden@g][1

6 Deployment DelaysThe current limited readiness for deployment increases the risk
2T RSfEF@SR YIN]J SO SyiaNBs gKAOK O2dzxZ R af 2.
growth trajectory in a fasevolving market [D5].

7.2. Market Size Analysis

¢CKS [/ 2yadzyYSNJ 9f SOUNRYAOA LYyRdzZZAGNE A& O f dzS1|
¢St SPAaA2Y al NJ SG NBLINBAaSY (i btetista, PO2XFbracgsisT A O v
indicate a sustained rise in global television unit sales within the consumer electronics sector,

set to grow by 9.9 million units (+3.91%) between 2024 and 2029. If the trend continues,

2029 will witness a new record, reaching 262.88 millinits sold worldwide, up from 252.96

million in 2024 Electro 1Q, 2024

Smart TV, however, its growth is drivenising demand for connected entertainment,
streaming services, and smart home integration. A&Pacific (APAC) region
dominateswith a35.9% market share, fueled byK Ayl X LYRAIFI X |yR {2
expandingmiddle class and digital infrastructu¢(€ounterpoint, 2024). Meanwhil&orth

America and Europe remain strong markets, véd8% of U.S. households and 76.5% of UK
households owning Smart T¥@&fcom, 2024; Frankel, 2025), indicating reaturation in

developed economies but continued growthpnemium and featurerich models.
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Table35: Consumer Electronics and Smart TV Market Size

Category 2024 Value 2029 Projection Notes
Consumer € bn DT e Mm®mn (a@stNA| Based on industry CAGR average
Electronics CAGR ~3.7%) (Statista global forecast trend)
Global TV € bc _| € Mmmn ®p(esd Al Unit sales projected at 262.88M
Market y +2.7% CAGR) (+3.91%), revenue scaled similarly
Smart TV 83% of Near saturation; growth mostly in
. 90% :
Ownership (US)| households upgrades to premium models
Smart TV 76.5% of 850 Continued growth but approaching
Ownership (UK)| households ° saturation (Statista)
APAC Market Growth driven by expanding middle
35.9% 39% . y &xp g .
Share class & infrastructure (Counterpaint)
Smart TV Market Trends (Selected Years)
Revenue (Columns) vs. Volume (Lines)

Figure34: Smart TV Market Trends

Sensing technology is emerging as a key differentiator in Smart TVs, enabling gesture control,

~ A s oA 7

LINEaSyO0S RSGSOGA2yZ YR LISNA2YI AT SR dzAaSNJ ¢

0y2¢6 {2ye& S5SLINK {SyaAiy3a {2f dziA dyhancontach 3
interaction, as the company integrates tiroé-flight (ToF) sensors and-@iven gesture
recognition into its productsGameDeveloper, 2016 { 2y & Qa - LISNXA |
early applications of projecticbased gesture control, while its semiconductor division has
advanced 3D sensing and-B&sed motion trackindSony Semiconductor, 20P4These
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https://www.gamedeveloper.com/business/sony-acquires-gesture-recognition-and-imaging-software-dev-softkinetic
https://www.cnet.com/culture/sony-builds-eyesight-gesture-control-tech-into-xperia-touch/

innovations align with the broader trend of-Ahhanced Smart TVs, where machine learning
and sensor fusion optimize user interactio@(y Research, 204

Samsung has filed patents for rae@ased gesture control in Smart TVs, aiming to replace
traditional remotes with hanédnotion recognition US Patent Office, 2023Their 2024 Neo

QLED TVs already feature bt loT sensors for smart home integratioBafnsung

Newsroom, 2021 TCL has showcasedpdwered gesture control prototypes at CES 2024,

using RF and camera fusion for more accurate motion trackinghd<iled patents foRF

ol &SR &l G4 S 6 pause gonténNdhénvidwérd ok away, leveraging technology

from its research armfCL CSQUSPTO Patent #US202401372MMNICL, 2024 The
AYOUSANI GAZ2Y 2F wC &Sy §7hyich nighk marketwighin Sryait RMs £ £ & ¢
by 2030, particularly in higand models and lo€onnected ecosystems (Q6].

7.2.1.Market Dimension & Growth

The global Smart TV market in 2024 shows significant regional variation, reflecting diverse
consumer adoption and technological trends. Europe and Asia Pacific dominate the market
GAGK &aAl Sa 2F eomdc O0AftAZ2Y | yWRiffamentngodwth 0 A f f A
trajectories.
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Figure 35: Smart TV Market Size and Regional variations
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Europe experiences minimal growth with a CAGR of 0.25%, indicating stable demand, while
Asia Pacific faces a negative CAGRO®0%, suggesting a potential slowdown in market
expansion or even stagnation, possibly due to market saturation or externaloggon
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CAGR, which is indicative of steady demand, albeit slower than Europe. The Rest of the World
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demonstrates a 0.62% CAGR, reflecting gradual expansion in regions like Latin America, and

Africa driven by increasing access to technology and rising raitiide incomes.

7.3. Market Segmentation Analysis

7.3.1.Target Market Segmentation

Given the market potential of Smart TVs empowered by RF sensing technology, it is essential
to dissect the target market using multidimensional segmentation. This includes
demographic patterns, technoloegpecific adoption behaviors, and psychological or
behavioral drivers shaping usage. Smart TVs are no longer just passive viewing devices; they
are becoming dynamic nodes in the broader 10T ecosystem, shaping, sensing, and responding

to user behaviors. RF sensing adds a transformative, contactless imverkster to this shift,

appealing to specific consumer needs ranging from convenience to wellness and privacy.

a. Age Group Segmentation

Age remains a fundamental factor in the adoption and use of Smart TV innovations. RF
sensing Smart TVs, through noontact gesture control and adaptive interface design,

address the needs of distinct age groups across generations, from-bgpaected GeZ to
aging populations seeking ease and safety.

Table36: Demographic Segmentation for RF Smart TV Adoption

Market Key Needs /
- . Relevant RF
Age Group Characteristic Interaction . Source
. Sensing Featureg
(2024) Triggers
Handsfree control, | Gesturebased Ul, | Ofcom,
90% Smart TV ) . . .
18¢34 (Gen . multi-tasking, quickswitch 2024,
. . ownership in , . .
Z/Millennials) immersive functions, Pew,
developed markets _ : . :
streaming/gaming attention tracking | 2023
Presence
35¢54 (Working | High dualdevice Smart home sync, . ,
. . : detection, profile | Frankel,
Professionals & | usage rate; smart | family safety, child
. : . based content 2025
Parents) home integrators | proof interaction o
personalization
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55¢74 (Young
Seniors)

Moderate Smart
TV adoption,
increasing smart
tech curiosity

Ease of use, larger
interfaces, privacy,
health monitoring

Simplified gesture
control, passive

: 2024
wellness sensing

75+ (Elderly &
Caresupported)

Low adoption, but
rising through
assisted setups

Accessibility, fall
detection,
emergency alert
integration

Passive sensing (n
remote use), auto
wake/sleep
functions

WHO,

Khan et
al., 2024

b. TechnologySpecific Segmentation

The integration of RF sensing technology within Smart TVs is not uniformly applicable across
all product categories. Rather, its adoption correlates strongly with product tier and the
associated expectations of user experience, interactivity, and techiwallogophistication.

Smart TVs can be broadly categorized into efaxel, midrange, and premium tiers, each
catering to distinct consumer needs, budget constraints, and behavioral patterns.
Understanding these nuances is essential for positioning Rétngeoapabilities where they

can deliver the most value and achieve meaningful adoption.

Table37: Techspecific Segmentation for RF Smart TV Adoption

.| Price Band/ | Consumer Needs/ . .
Product Tier RF Sensing Alignmen| Source
Market Share | Features Expected g A9
Fennn K . Lowt price-sensitive
Entry-Level OTT access, basic P )
of global . segment; may adopt | Statista, 2024
Smart TVs connectivity
market later
. € ngendnn . . Moderate to high .
Mid-Range qenp Voice assistants, smari g Counterpoint
~42% of . . gesture control &
Smart TVs home integration . ,2024
market presence sensing
Multi-user . .
. L Hight RF sensing as ¢ Sony
Premium € pbnnb K| customization,
_ valueadded Research,
Smart TVs | of market seamless automation, | . .
. differentiator 2024
and design

c. Behavioral Segmentation

Consumer behavior toward Smart TVs has evolved significantly in recent years, shaped by
technological advancements and shifting lifestyle patterns. No longer perceived as passive
viewing devices, Smart TVs are now evaluated by consumers through a murtsetme

lenst one that prioritizes effortless user experience, data privacy assurance, ceavexe
functionality, and seamless integration within smart living ecosystems.
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Table38: Behavioral Segmentation for RF Smart TV Adoption

. . Primary Target RF Sensing Value
Behavioral Trait| Market Influence y g - g Source
Segments Contribution
. Techsav Handsfree
Convenience Prefer contactless, . 4 . - Samsung,
L professionals, muli | navigation,
Seekers intuitive control ) 2024
device users gesture shortcuts
i Avoid cameraebased | Families, solo Nonvisual data
Privacy . . Anwar et
. surveillance or dwellers, elderly collection
Conscious Usery . ) o , al., 2025
intrusive Al individuals ensures privacy
Interested in . .
Health & . ) Seniors, caregivers, | Movement Sony
passive wellbeing . .
Wellness checks via evervda chronic disease tracking, anomaly| Research,
Monitors . yaay households detection 2024
devices
- Multi-user
Tech Early adopters of Urban highincome esture control
Enthusiasts / novel tech, seek users, smart home gmbient " | TCL, 2024
Innovators personalization ecosystem owners .
automation

d. Regional & Socioeconomic Segmentation

Geographic and socioeconomic factors play a pivotal role in shaping both the adoption

patterns and commercial viability of emerging technologies such aeftng Smart TVs.
Regional segmentation, when viewed through the lens of infrastructure matunicpme

distribution, and technological openness, reveals a complex but strategically valuable

landscape.

Table39: Regional & Socioeconomic Segmentation for RF Smart TV Adoption

Smart TV . :
. Adoption RF Sensing Key Growth
Region Market Conditions Readiness Catalysts Source
Size (2024) y
Hight earl
High disposable g . y Privacy regulations
North _ adoption via Ofcom,
, € HH ®p | income, strong _ smart home
America premium . 2024
loT ecosystems density
brands
Privac Hight privac
Europe . 'y . g 'p ¥ GDPR alignment, | Frankel,
€ o m ®c | sensitive, aging | compliant tech
(Western) _ wellness focus 2025
population favored
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: - Techforward, Moderate to Manufacturing Counterp
AsiaPacific . . . . .
€ o Mm ®p | large middle Hight urban innovation, youth | oint,
(Urban) . .
class base uptake likely tech affinity 2024
. . . Low to S
Emerging Pricesensitive, Mobile-first .
. Moderatet o : Statista,
Markets € MM ®H | infrastructure . transition, growing
. entry-level pilot . 2024
(Row) developing middle class
needed

7.3.2.Target Market Profiling

RFsensing technology aims to enhance the Smart TV functionality & capabilities, revealing a
multifaceted ecosystem composed of various stakeholder groups, each contributing distinct
functional roles and exhibiting unique needs, behaviors, and adoptiggers. Unlike
traditional market models focused purely on audiovisual consumptioreriRbled Smart

TVs are positioned at the intersection of home entertainment and smart living.

a. TV OEMs / Global & Regional Brands

These are the core producers of hardware and integrated firmware, often categorized as
Original Equipment Manufacturers (OEMs) and Original Design Manufacturers (ODMSs). Their
strategic positioning in the consumer electronics value chain makes them theanyrim
channel for introducing RF sensing technology into Smart TV and their adoption of RF sensing
would be driven by:

- Product differentiation: standing out in a saturated hardware market.
- Premium upselljustifying higher price points through advanced features.
- Privacy Compliance: offering a "visifyee" sensing alternative to intrusive cameras.

Key Players

- OEMslike Samsung, LG, Sony, TCL, Hisense, Vizio, Panasonic, GestureTek: they have
direct control over software ecosystems, proprietary chipsets,egbl feature sets,
and define user experience.

- ODMs like Compal Electronics, Foxconn, and TPV Technology: they provide
technology focusing on masgale engineering, blueprint design, and manufacturing.

Example:

The industry is shifting toward "interactiehA NA G b KI NRgl NE® C2NJ Ayadl
based gesture patents (USPTO, 2023) signal a clear trend towgpdweFed models

designed to replace traditional remotes and improve accessibility through matamking,

dzaAy3 YY2 I @S NIRFENXP ¢/ [ Qa Y2@S Aini2LEDNC &Sy
technology and NXTHOME ecosystem. At CES 2026, they unveiled how they use high
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precision sensors to drive "Intelligent Livinghttps://www.tcl.com/eg/en/news/tcl-
displaysthe-future-of-visuattechnobgiesand-intelligentlivingwith-groundbreaking
productsand-solutionsat-ces2026) to highlight the shift from mere display specs te Al
powered hardware that manages home energy and interaction. Their "NXTHOME" platform
uses background sensing to manage device states based on user presence, effectively
replacing cameras with privacpmpliant RF modules. Hisense has branded thesdiSing
capability under the "FollowMe" and "F8icenario Smart Living" initiatives. Their focus is on

a TV that “follows" the user's needs through spatial awareness
(https://hisenseme.com/abouhisense/newsroorrdetails/hisensebringsfullscenarie
smartlivingto-life-at-ces2026)

b. Backward Linkage (Silicon Architects & Component Suppliers)

Beyond OEMs and ODMs, a critical layer of the Smart TV ecosystem lies in the backward
linkage: upstream semiconductor and component suppliers that provide the foundational
silicon, RF sensing hardware, and connectivity modules. These players enablee scalabl
adoption across multiple downstream TV manufacturers by offering highly integrated,
modular components that can be incorporated into broader chipset or systemmodule
designs, reducing the need for fully bespoke sensing architectures at the prodektTais

layer forms the physical and electronic foundation of sensingbled smart devices.

Key PlayersRather than delivering finished intelligence, these firms provide the enabling
infrastructure that allows OEMs and software partners to build higbaeel perception and
interaction systems on top of standardized, reusable hardware building blocks.

- Chipset & SoC Providersirms like Qualcomm, MediaTek design the primary system
on-chips that handle compute, multimedia processing, and Al workloads, and
coordinate systemevel integration of sensing data from peripheral modules.

- Radar & RF ICs Providerkirms like Infineon Technologies, Texas Instruments
develop mmWave radar chips and RF sensing solutions that enable presence
detection, motion tracking, and gesture recognition at the hardware signal level.

- RF FronEnd & Connectivity ModulesFirms like Qorvo, Murata Manufacturing
supply RF fronend components such as antenna arrays, filters, and signal
conditioning modules that ensure reliable transmission and reception of-high
frequency radar and connectivity signals.

Example:

Qualcomm, as a premier chipset maker, is leveraging its Snapdragon / Dragptatfiogns

to push WiFi Sensing (802.11bf). In this model, the TV'$-M¢hip doubles as an RF sensor.

By analyzing disruptions in MZiA aA3dylrfas GKS vdafoOo2YY OKAL
patterns without needing a dedicated radar module, essentiallyning a connectivity
component into a functional sensor. At CES 2026, Qualcomm and BOE announced a next

gen Android TV platform powered by the Dragonwing QCS8550 processor, specifically
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designed to bring premium AInhanced sensing and interaction to the global TV market
(https://www.qualcomm.com/networkingnfrastructure/products/nseries/n8platform).

While Qualcomm focuses on the general processor, Infineon leads to dedicatedd®adar
Chip solutions. Their XEN#IOGHz radar sensors are the specialized components that
OEMs buy to achieve "Mici@esture” recognition (like fingesnapping or pinciio-zoom in

the air). Murata & Qorvo provide the RF Frdirtd. As TVs move to higher frequencies (like
60GHz mmWave), #se suppliers provide the miniaturized antenna modules that ODMs like
Foxconn physically solder into the TV's chassis.

c. Software & Al Ecosystem (The Intelligence Layer)

While upstream semiconductor and RF suppliers provide the physical sensing infrastructure,
the software and Al ecosystem represents the intelligence layer that transforms raw RF
signals into meaningful, humanterpretable outputs. This layer is responsibfor
converting radar reflections and sensor data into structured behavioral understanding such
as presence detection, motion tracking, gesture recognition, and activity inference. Its
primary function is not raw signal capture, but rather signal intetgien and decision
making, enabling devices to respond contextually to user behavior in real time.

Key Players

Unlike a standardized software stack provided by a single dominant vendor, this ecosystem
is fragmented and highly applicatiepecific, typically combining chipset vendor SDKs, OEM
in-house algorithms, and selective external research contributions. Beweport some
SEFYLX Sa 2F (1Se SOz2aeaiSYy O2y(iNROdzi2NRBR dGoe
- Chipset software platforms (SoC layer integratiomirms like Qualcomm, MediaTek
provide compute environments and Al acceleration frameworks that enable real

time processing of sensor inputs within the device system architecture.

- Radar and signal processing software stacksms like Infineon Technologies, Texas
Instruments supply reference algorithms, firmware, and sigmatessing toolchains
that convert raw RF reflections into structured detection data (e.g., motion vectors,
proximity, and gesture primitives).

- OEM Al and applicatiofayer intelligence Firms like Samsung, LG, Sony, TCL develop
proprietary models and usenterface logic that translate processed sensing data
into product features such as gesture control, ambient awareness, and adaptive Ul

behaviors.

Example:

This layer acts as the interpretation and decision engine of the Smart TV sensing ecosystem.
Rather than functioning as a single unified software platform, it is a distributed intelligence
stack built across hardware drivers, chipset SDKs, and-<pebdificAl models. Its value lies

in turning lowlevel RF signal outputs into actionable and ds&ing experiences, enabling
seamless interaction without requiring explicit user input devices such as remotes or
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cameras. Although Rbased gesture sensing is not yet widely deployed in smart TVs, several
adjacent implementations demonstrate how the intelligence layer operates in practice.
Google Project Soli provides a clear proof of concept, using 60 GHz radal aradlels to
translate micremovements into precise gestures, as seen in the Google Pixel 4. At the
hardware and signgbrocessing level, companies such as Infineon Technologies and Texas
Instruments already offer commercially available mmWave radar platoccombined with
software development kits that enable presence detection, motion tracking, and basic
gesture recognition. These solutions are actively used in smart home and consumer
electronics applications and can be adapted for TV environments. OrOte side,
manufacturers like Samsung Electronics, Sony Group Corporation, and LG Electronics
illustrate how the final layer of intelligence is controlled at the product level, integrating
sensing inputs, whether R¥ased or alternative modalities, into eisfacing features and
interaction models.

d. ValueAdded Service Providers (B2B Feature Market)

This group represents potentialB2B partners who leverage Rfensing data to deliver
specialized applications, transforming Smart TV from a passive display into an active,
contextaware service platform. Rather than interacting directly with hardware, these
providers build services on tog mterpreted sensing outputs such as presence, motion, and
activity patterns.

Potential Key Players:

- Gaming & VR/AR: NVIDIA (GeForce Now) and Microsoft (Xbox). These players could
use RF sensing for "controllee” navigation and proximitpased gameplay.

- Fitness & Wellness: Gym & Fitness apps could offer "Activity Recognition" (e.g.,
posture monitoring, rep counting) as a privesafe alternative to camerbased
tracking.

- 9R¢SOKY LYUGSNYrOGAGS tSENYyAy3a LI FGF2N)Va
proximity and engagement level.

- Smart Home Automation: RF sensing from vendors like Infineon Technologies is
already used in lighting and HVAC systems to detect presence and movement, a
capability that could be extended to ¥¢éntered ecosystems.

Example

These providers could drive consumer stickiness and service differentiation, as users may
select a TV ecosystem based on its ability to integrate with health monitoring, fithness
platforms, or other ambient intelligence services.

e. OS Platforms & Connectivity Enablers
Moving toward the eneliser space, another layer potentially involved in the value chain is
represented by platforms that mediate access between sensing capabilities andsend
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services provided thanks to the internet connectivity. These actors can control how data
flows, which applications can access it, and how features are exposed within the user
interface.

Key Players

- Operating System Platforms like Tizen, webOS, Roku OS: they can act as the true
gatekeepers and service orchestrators, controlling APIs, data access, and integration
of third-party applications. They determine how RF sensing capabilities are exposed
to dewlopers and ultimately shape the user experience.

- Broadband operators bundling smart home and media services: they play a
complementary role as distribution enablers, potentially bundling vadded
services (e.g., home monitoring or assisted living subscriptions), but with limited
control over sensinguhctionality itself.

Example:

- OSLevel Ecosystems: platforms such as Tizen and webOS already integiateh|
features like presence detection, content recommendation, and voice control, acting
as centralized hubs for smart home and media services.

- Platform Aggregators: Roku OS demonstrates how TV operating systems aggregate
streaming, advertising, and thiplarty services, a model that could extend to
sensingdriven applications.

- ISP Bundling Models: Telecom operators (e.g., Comcast, Deutsche Telekom) already
bundle home security, monitoring, and entertainment services, creating a pathway
for integrating RMbased sensing features into subscription offerings.

7.4. Market Needs & Trends

The Smart TV market is evolving faster than ever due to technological revolutions and
immersive R&D. Understanding these market trends and needs is crucial for identifying
opportunities where RF sensing technology can play a pivotal role in transform@éng us
interaction, entertainment, retail, and operational efficiency.

a. Demand for Frictionless and Adaptive User Experiences

Trend: Consumers across all segmer(market.us, 2025)now expect technology to
anticipate their needs and respond instantly, eliminating unnecessary latency or steps for
common tasks like navigation, playback, and controv]1

Need: RF sensing embedded smart TVs will address this most effectively and accurately by
allowing for presencéased automatic wake/sleep, gesture shortcuts for volume and
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playback, and personalized profile switching as a user approaches the TV, creating a truly
seamless and "invisible" interface.

Global Gesture Recognition in Consumer Electronics Market

Size, by Technology, 2023-2033 (usD Billion) B Touch-based Gesture Recognition
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Figure 36: Global Gesture Recognition in Consumer Electronic Market

b. Preference for Intuitive and Immersive Gaming Control

Trend: Video gamers are increasingly seeking more immersive and responsive control
systems that go beyond traditional gamepads, aiming for an experience that mirrors physical
movement and intention.

Global Wearable Gaming Technology Market

Size, By Application, 2025-2034 (USD Billion)
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Figure 37: Global Gesture Recognition in Consumer Electronic Market
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Need: RF sensing technology meets this demand by enablingldtemcy, wholebody
gesture control for casual and fitness gaming, creating a more engaging and physically active
experience without the need for cameras or wearable controllers.

c. Expansion of Interactive Learning and Digital Classrooms

Trend:Educational institutions are adopting interactive displays and digital tools more than
ever to foster collaborative and engaging learning environments, moving beyond static
presentationgmarket.us, 2025

Need: RF sensing technology enables students or instructors to interact with educational
content on a large screen through touchless gestures, facilitating a more dynamic classroom
experience that promotes group participation without the need for physical adnta
cameras, or specialized wearables.

Global Interactive Whiteboard Market Size - By Form Factor
Market Size in USD Billion
Il Revenue [l Portable Projection [l Fixed Projection
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Figure 38: Global Interactive Whiteboard Market

d. Integration with Augmented and Virtual Reality Ecosystems

Trend The convergence of AR/VR with traditional media is creating new paradigms for
entertainment and social interaction, requiring spatial awareness and user tra¢ikh)
Corporate, 2023)

Need RF sensing can serve as a bridge, allowing a Smart TV to track a user's position and

movements relative to the screen, enabling AR overlays on broadcast content or serving as
a calibration point for VR experiences within a living room space.
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Worldwide AR/VR Headsets Forecast by 2022Q4
Product Category, 2022Q4
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Figure 39: Global Augmented and Virtual Reality Market

e. Requirement for Autonomous Public Display Interaction

Trend Businesses like McDonald's, shopping malls, and restaurants are deploying self
ordering kiosks and interactive informational displays that require robustness and hygiene.

Need Unlike camerdased solutions that raise privacy concerns and struggle with lighting,
RF sensing offers a reliable and private method for touchless interaction with public Smart
TV displays, enabling gestdbased menus and navigation that work consigkgim various
environmental conditions.

7.5.Value and Us&Case Analysis

This section transitions the analysis from enabling technologies to concrete market
applications within the Smart TV ecosystem. By identifying how RF sensing capabilities
translate into useffacing features and servidayer opportunities, we highlight thenost
valuable intersections across both Busings8usiness (B2B) and BusinéssConsumer

(B2C) value chains. The integration of RF sensing into Smart TVs represents a structural shift:
the evolution of the television from a passive entertainment devit® an interactive,
contextaware hub within the connected home. This transformation is enabled by a-multi
layered architecture in which upstream semiconductor providers, OEMs/ODMs, software
intelligence layers, and operating system platforms collegtiv@nvert RF signals into
meaningful user interactions.
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This duabathway model creates value across two dimensions:

- B2B value creationdriven by the integration of sensing technologies across the
hardware and software stack.

- B2C value captureenabled through enhanced user experiences and sehased
applications delivered to end users.

The impact of this innovation can be assessed across three primary dimensions:

Operational & Economic Efficiencyenabling sensing capabilities without requiring
additional hardware such as cameras or wearables.

Quality of Experience improving usability, accessibility, and personalization through
touchless and contexaware interaction.

Ecosystem Expansionunlocking new servielyer integrations across entertainment,
gaming, fitness, and smart home domains

By mapping these outcomes, we demonstrate how RF sensing enables dayeriid
ecosystem (see Figud®), where semiconductor providers, OEMs, platform operators, and
service providers jointly contribute to value creation and capture.

Mix of Products + Services
in the Ecosystem

RECOUNTTION
TECHNOLOGY Tgchnology / Gaming Educational _
omponent . VR/AR
HULDEN _’A Suonliers Console Institutes
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. Ed Tech Set-Top Gvm &
oD )
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Figure 40: Innovation Impact in the Smart TV Ecosystem
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7.5.1.The B2C Value Chain: OEMs & Platform Providers

In the B2C model, Smart TV OEMs and operating system platforms act as the primary
interface with the end user. OEMs integrate RF sensing modules into the device, while
software and platform layers orchestrate how sensing data is translated intcfaseg
features. Operating systems such as Tizen, webOS, and Android TV play a central role by
acting as gatekeepers of the user experience, managing APIs, applications, and integration
with third-party services.

Market Opportunity

The global Smart TV market continues to grow steadily, driven by demand for connected
home devices and premium user experiences. RF sensing introduces a new differentiation
layer, particularly in mido-high-end segments, where consumers increasingly value
seamless interaction, personalization, and privpogserving technologies.

Primary Customers

End users include:

- Households adopting smart home ecosystems.
- Techoriented consumers seeking advanced interaction models.
- Elderly and accessibilfpcused users benefiting from hanétee control.

In this model, the Smart TV evolves into a miultictional device, combining entertainment,
ambient sensing, and smart home interaction without requiring additional peripherals.

Key Benefits

6 Low Friction/Seamless InteractionEnables gesturbased control and presence
awareness without remotes, wearables, or cameras.

o PrivacyFirst ExperienceRF sensing allows motion and activity detection without
visual data collection.

6 Enhanced PersonalizatiorContent and interface elements can dynamically adapt
based on user presence and behavior.

6 Accessibility & Inclusivity:Supports handéree interaction for elderly users and
individuals with mobility limitations.

o Platform Stickiness & Ecosystem Lekck Integration with OS platforms increases
user retention and longerm engagement.
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7.5.2. The B2B Value Chain: ODMs, Technology Providers & Service Ecosystem

In the B2B model, value is created through the integration of RF sensing across the upstream
and midstream layers of the ecosystem. ODMs, semiconductor providers, and platform
operators collaborate to embed sensing capabilities into scalable hardware citvebee
architectures, which are then leveraged by service providers to deliver -aalded
applications.

Market Opportunity
RF sensing enables new revenue streams across multiple actors in the value chain:

6 ODMs:(e.g., Foxconn, Compal Electronics): can deliveariabled referencelesigns
on ascale, moving beyond lemargin manufacturing.

6 Semiconductor & RF Suppliefs.g. Infineon Technologies, Qualcomm): benefit from
increased demand for radar chips, RF modules, and sensing toolkits.

6 Software & Platform LayersEnable integration of sensing data into applications
through Al models and G8vel frameworks.

6 Service Providersbuild new business models on top of sensiliiyen insights
landscape.

Primary Customers
The B2B ecosystem serves:

- Healthcare and assisted living providers.
- Fitness and wellness platforms.
- Smart home and loT service providers.

In contrast to the B2C model, which focuses on individual interaction, the B2B model
emphasizes scalable deployment and service integration across multiple users or
environments.

Integrated Professional Services
Ly GKS . nH. OKIFIAYXZ @I fdzS OF snatie8 hanidref with SR (i K
servicelayer applications:

6 Healthcare & Assisted LivindRF sensing can enable presence detection, gesture
recognition, sleep monitoring, and activity tracking without intrusive cameras.

o Smart Home AutomationPresence detection enables automated control of lighting,
HVAC, and security systems.

6 Fitness & WellnessEnables activity recognition and posture monitoring as privacy
preserving alternatives to cametsased systems.
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o DataDriven Platforms:Aggregated behavioral data enables predictive analytics and
personalized services.

Key Benefits

6 Scalable, Nofintrusive Monitoring: enables deployment without the operational
burden of wearables or cameras.

6 New Revenue Streamssupports subscriptioibased and serviedriven business
models.

6 Transition to Preventative Modelsenables early detection of behavioral changes
and proactive intervention.

o Ecosystem Synergiestrengthens collaboration across hardware, software, and
service providers.

7.6. Competitive Landscape

In the rapidly evolving Smart TV market, the competitive landscape is being reshaped by
parallel advances in gesture recognition, voice assistance, sensor technologies, and smart
home integration. Multiple technologies already offer varying degrees ofactesity and
automation, but they often face challenges related to precision, usability, privacy, and long
term adoption. The introduction of RF sensing into Smart TVs creates a new category of non
intrusive, ambient intelligence that has the potentialdeercome many of these limitations.

In table 40 the Smart TV interaction ecosysteis illustratedby categorizing competing
alternatives across four major and existing technological domains:

Remote Controllers and Smart Remotes

Ox¢

Voice Assistants and-Ativen Control Systems

O¢

Camerabased Gesture Control Technologies

Ox¢

6 Wearables & Companion Devices

and the comparatively emerging domaRF Sensingnabled Interaction Each domain is
represented by key players, flagship solutions, and examples eivaéd deployment.

Table40: Competing Technologies in the Smart TV Ecosystem

Category Technology / Device Key Players Examples

Traditional IR/Bluetooth | Samsung Smart Remote, LG
remotes, smart remotes | Magic Remote, Sony Osdick,
with touchpads, voice Roku Remote, Vizio Voice Remg

Remote Controllers and
Smart Remotes
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buttons, motion sensing,
and laser pointers

Voice Assistants and-Al
driven Control Systems

Integrated voice
assistants for Smart TVs
and connected
ecosystems

Amazon Alexa, Google Assistani
Apple Siri, Samsung Bixby, LG
ThinQ Al

Camerabased Gesture
Control Technologies

Depthsensing cameras,
computer vision for
body/hand gestures

Microsoft Kinect (legacy), Intel
RealSense, LG Gesture TVs, So
PlayStation Camera

Wearables & Companion
Devices

VR controllers, Smart
Glasses

Apple, Google, Oculus/Meta VR
Controllers

RF Sensingnabled
Interaction (Emerging
Domain)

Radarbased gesture
sensing, presence/motior|
detection via RF signals

Samsung (radar patents), Sony
Semiconductor, Infineon (60GHZ
radar), Origin Wireless, Google
Soli, Radar Sensor for Smart TV
by Texas Instruments.

7.6.1.Remote Controllers and Smart Remotes

Remote Controllers remain the dominant interaction technology in the Smart TV ecosystem,
ranging from traditional infrared devices to advanced Bluetestiabled smart remotes with
touchpads, motion sensing, and integrated voice buttons. These devicesi@rayamiliar

and reliable interaction model but rely entirely on explicit user input, limiting their ability to
support seamless or adaptive interaction.

Figure4l: Remote ControlleBased Interaction Systems

Despite their widespread adoption, remote controllers introduce friction in the user
experience, requiring constant physical engagement and often leading to usability issues
such as device misplacement or complexity for elderly users.
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Key Market Player&Examples include Samsung Smart Remote, LG Magic Remote, Sony
OneFlick, and Roku Remote.

Privacy & Ethicsemotebased interaction is inherently privasgafe, as no personal data is

LI aargsSte 02ttt SOUSRD | 26SOSNE (GKAA -avdra2 fAY
services.

Al & Cloud ImpactMinimal Al dependency; interaction is primarily hardwarészen, with
limited cloud integration beyond content recommendations.

Impact on Private LifeNonintrusive, but also nomdaptive. The user must continuously
initiate interaction, preventing the development of ambient intelligence.

7.6.2.Voice Assistants and-Rrriven Control Systems

Voicebased interaction systems enable harfdse control of Smart TVs through natural
language commands, integrating devices into broader smart home ecosystems. Platforms
such as Amazon Alexa, Google Assistant, Apple Siri, and Samsung Bixby have bdcame ce
to modern Smart TV interfaces.

LG ThinQ°

Figure 42: VoicBased Interaction Ecosystems

While voice assistants improve accessibility and convenience, they remain reactive systems,
requiring explicit user activation and clear command structures.

Key Market Playere&xamples Amazon, Google, Apple, Samsung, LG (ThinQ Al).

Privacy & Ethid¢ { AJYAFAOF Yy (i 02y GISANIYES yIANITES YHNENE L6
potential unintended recording of private conversations.

Al & Cloud ImpactHighly dependent on cloudased Natural Language Processing (NLP),
raising issues related to data storage, latency, and regulatory compliance.

Impact on Private LifeModerately intrusive; while physically nemvasive, constant voice
monitoring may alter user behavior and reduce perceived privacy within the home.
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7.6.3.CameraBased Gesture Control Technologies

Camerabased systems leverage computer vision and depth sensing to enable gesture
recognition and body tracking. Technologies such as Microsoft Kinect, Intel RealSense, and
integrated TV solutions from LG Electronics and Sony Group Corporation have daeteohst

the potential for rich, immersive interaction.

Figure43: CameraBased Gesture Interaction Systems

These systems offer advanced interactivity but face significant adoption barriers related to
cost, environmental dependency, and privacy concerns.

Key Market Playergexamples include Microsoft, Intel, Sony, LG.

Privacy & EthicsHigh privacy risk due to continuous video capture and image processing.
' ASNB 2FGSy LISNOSAGS (KSaStagsadYa | a Ayl Nz

Al & Cloud ImpaciRequires intensive computer vision algorithms, often supported by cloud
or edge Al processing.

Impact on Private LifeHighly intrusive; transforms the home environment into a visually
monitored space, often requiring explicit consent and limiting widespread adoption.

7.6.4.Wearables & Companion Devices

Wearables and companion devices, including VR controllers and smart glasses, extend
interaction beyond the TV itself by enabling immersive and spatial computing experiences.
Devices from Apple, Meta, and Google illustrate this category.

Figure43: WearableBased Interaction Ecosystems
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While these technologies enable highly engaging experiences, they rely on continuous user
compliance, limiting their suitability for mainstream, everyday TV interaction.

Key Market Playerexamples include Apple, Meta (Oculus), Google.

Privacy & EthicdModerate concerns related to biometric and behavioral data collection.

Al & Cloud ImpactStrong reliance on onboard and clebdsed Al for tracking, rendering,
and interaction.

Impact on Private LiféPhysically intrusive; requires users to wear or hold devices, which can
lead to fatigue and reduced lortgrm adoption.

7.6.5.RF Sensingnabled Interaction (Emerging Domain)

RF sensing introduces a fundamentally different interaction paradigm by leveraging radio
frequency signals to detect presence, motion, and gestures without requiring cameras,
wearables, or explicit user input. This technology enables ambient intelligafiogjing
Smart TVs to interpret user behavior passively and respond in real time.

RADAR SENSOR
FOR SMART TV ,

60-GHZ RADAR A"

SENSORS .

Figure44: RF SensirBased Interaction Systems
Unlike competing technologies, RF sensing operates as an invisible interaction layer,
removing friction while maintaining high levels of privacy.

Key Market PlayersSemiconductor firms like Infineon Technologies, Sony Semiconductor
Solutions, Texas Instruments.

Privacy & EthicsStrong privacy advantage, as no visual or audio data is captured. However,
SYSNAEAYy3I O2yOSNya NBfIFIGiS G2 aLNBaSyOS AyTS
patterns.

Al & Cloud ImpactRequires advanced signal processing and machine learning models to
interpret RF reflections. Increasingly shifting toward edge Al processing to reduce latency
and privacy risks.

Impact on Private LifeMinimally intrusive; enables continuous, passive monitoring without
requiring user awareness or interaction, supporting a seamless and adaptive experience.
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7.6.6.Holden Innovation and Competitive Advantage

HOLDEN Innovation represents a paradigm shift within the Smart TV interaction landscape
by addressing the fundamental limitations of existing technologies. Unlike remote controls,
voice assistants, cameras, or wearables, HOLDEN leverages RF sensintgta tuég
passive, privacpreserving, and frictionless interaction layer.

Its competitive advantage is defined by the following pillars:

o Privacyby-Design & Ethical Complianc®©perates without capturing visual or audio
data, ensuring high levels of ethical compliance and user trust.

o Edge Al & Data ProtectiomMinimizes reliance on cloud infrastructure by processing
RF signals locally, enhancing data security and reducing latency.

o8 ZeroFriction Interaction: Eliminates the need for remotes, voice commands, or
wearable devices, enabling truly ambient interaction.

6 Seamless IntegrabilityDesigned for integration into OEM and ODM ecosystems,
enabling scalable deployment across Smart TV platforms.

Strateqic Differentiation Framework

To position HOLDEN within the competitive landscape, we evaluate its performance across
key dimensions:

o Lifecycle Cost of Ownershif.ower than camerbased systems and wearables due
to reduced hardware and maintenance requirements.

6 Sensing CapabilityEnables continuous presence and motion detection beyond the
capabilities of traditional interaction methods.

6 Privacy & EthicsCombines high sensing accuracy with minimal privacy intrusion
o Ease of UseRequires no behavioral adaptation from users.
6 Scalability & Integrability Easily embedded into existing Smart TV architectures and

ecosystems.

This comparison helps us understand the unique advantages of HOLDEN Innovation and its
market potential, when compared to other technologies. Compared to existing interaction
paradigms, HOLDEN Innovation achieves a unique balance between usability,, @indacy
intelligence. It enables Smart TVs to evolve into ambient, coraesdre systems, bridging

the gap between entertainment, smart home control, and emerging setvased
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applications, ultimately positioning Smart TVs as centralized, futady interaction hubs
that surpass existing paradigms in both usability and consumer trust.

7.7.Entry Barriers

This section consolidates the principal structural considerations shaping market entry. In
analyzing the barriers to market entry for embedding RF sensing technology inside Smart
¢t+a> S OFy L& t2NISNRaE CAGS aaNietha G2 dz
factors influencing adoption.

Unlike routers, the Smart TV market intersects not only with consumer electronics but also
with content ecosystems, smart home platforms, and entertainment providers.

7.7.1.Threat of New Entrants

Technological Complexity and Additional Costs: (High Impact)

The integration of RF sensing into Smart TVs introduces hardware complexity, requiring
additional antenna arrays, chipsets, and firmware optimization, alongside higher testing and
compliance costs. OEMs and ODMs, already facing -thzoprofit margins inthe TV
segment, may hesitate to adopt unless clear consumer demand and premium pricing
potential are evident.

As example, in 2021, Google discontinued its Soli radaed gesture control in Pixel phones
after facing integration cost challenges and limited user uptake, signaling the risk of
premature adoption without consumer readiness (The Verge, 2021).

Mitigation Strategy

Launch pilot RE + Y2RSfa Ay LINBYAdzy aS3ayYSyida demdnn
and justify higher prices. Gradually scale down to-naitige models once economies of scale
reduce sensor and integration costs.

7.7.2.Bargaining Power of Suppliers

Supplier Dependence: (Moderate to High Impact)

RF sensing requires advanced radar chipsets, RF-drmhtmodules, and specialized
antennas. The supply chain is highly concentrated among a handful of semiconductor leaders
(e.g., Infineon, Qualcomm, NXP). Supply disruptions or pricing power can sitlyifadéect

{YINI ¢+ YIydzZFlIOGdzZNBEBNARQ YINBAyad !'a SEIYLXS
shipments for major Smart TV brands like Samsung and LG, causing production bottlenecks

and forcing ODMs to prioritize highargin models (Bloomberg, 2021).
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Mitigation Strategy

To reduce dependency on a small number of suppliers, it is essential to identify and secure
relationships with multiple suppliers across multiple regions (Asia, US, EU) for both hardware
components (e.g., sensors) and software solutions. Parallelly anstregegy could be to
invest in modular RF aeoh designs so that TV models can switch suppliers without full
redesign. Finally, to reduce reliance on external sensing software vendors, is suggested to
explore inrhouse software algorithms (gesture recogait, presence detection).

7.7.3.Bargaining Power of Buyers (End Users & OEM Acceptance)

Consumer Preferences & ROI Concerns: (Moderate to High Impact)

The Smart TV market is prisensitive, with most consumers prioritizing screen size,
resolution (4K/8K), and streaming compatibility over additional sensing features. Moreover,
end-users may prefer camerar voicebased control (already familiar from Al@Google
Home) instead of adopting a novel, less understooeb&ded interface. As example, when

3D TVs launched in the 2010s, they failed due to consumer indifference despite heavy R&D
and marketing investments. This demonstrates the challenge of intiodunovel features
without clear everyday value (CNET, 2017).

Mitigation Strategy

To reduce resistance, a couple of mitigation strategies could be:

- Hybrid integration: bundle RF sensing with vahdeled features (gesture gaming,
entertainment functionalities, handBee navigation).

- Focus on privacfirst messaging, positioning RF sensing as a safer alternative to
cameras, appealing to privacpnscious households.

7.7.4.Industry Rivalry (Existing Competitors)

Industry Preference: (Moderate Impact)

The Smart TV industry is highly competitive, dominated by a few global OEMs (Samsung, LG,
TCL, Sony). Rival technologies (voice assistants, Al remotes, AR/VR headsets) already offer
interaction alternatives. Industry players may resist adopting RF seif$iy perceive it as
redundant or cosinefficient compared to existing solutions. Example: a 2023 IDC report
noted that despite heavy investment in-pbdwered voice control, adoption has been mixed,

with 40% of Smart TV users still relying on traditioreanotes, indicating consumer inertia

and industry reluctance to pivot too quickly (IDC, 2023).

Mitigation Strategy
¢2 NBRdAzOS AYyRdzZAGNEB NAGIENE FTNRY SEAaGAY3 O2)°
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- Demonstrate unique, irreplaceable use cases (e.g., preseased autepause,
fitness/gaming without cameras).

- Comarket with smart home partners and health tech, reinforcing muitictional
value beyond entertainment.

7.7.5.Reqgulatory Barriers

Data Privacy and Compliance: (Moderate to High Impact)

RF sensing tracks human presence, gestures, and in advanced cases, vital signs. This raises
privacy concerns like those faced by cambssed TVs and smart speakers. Strict
frameworks like GDPR (EU) and CCPA (US) regulate how such behavioral datasedyroces
stored, and shared. Necompliance risks reputational damage, fines, and delayed adoption.
Example: in 2019, Samsung Smart TVs faced global backlash when it was revealed that voice
commands were transmitted to thirgarty servers without clear user geent, sparking

privacy concerns and regulatory scrutiny (BBC News, 2019). Smart TVs with passive RF
tracking could face similar backlash if not designed with Privacy by Design.

Mitigation Strategy

To reduce norcompliance risks and reputational damage several strategies could be:

- Adopt Privacypy-Design principles (local eevice processing, no cloud storage
without consent).

- Provide transparent opin settings, allowing users to control sensing features.

- Engage with regulatory bodies early to shape RF compliance frameworks (similar to

9! Q& | LIINRGLE 2F cnDIl NIRINIOoFEYR& F2N O
Table41l: Summary Table of Key Barriers and Metrics
Dimension Barrier Impact Examples Mitigation Strategy
. Launch pilot RFV
Integration of RF antennal .p .
. models in premium
: arrays, radar chipsets,
Technological . o segments to
. firmware optimization, .
Threat of | complexity and . . validate demand
. ) testing and compliance . .
New additional High _ and justify pricing;
_ _ requirements; Google Sol
Entrants integration _ ) _ gradually scale to
discontinuation due to .
costs o . mid-range models
limited adoption and .
. . as economies of
integration cost challenges
scale reduce costs
Reliance on suppliers suc| Diversify suppliers
. Dependence . PP . v pp
Supplier on specialized Moderate | as Infineon Technologies across regions;
Power pRF ¢High Qualcomm, and NXP adopt modular RF
Semiconductors; hardware
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semiconductor
suppliers

semiconductor shortages
affecting Smart TV
production

architectures;
develop irhouse
sensing and gesture
recognition
software capabilities

Consumer

price sensitivity

Consumers prioritize
display quality and
streaming capabilities ove

Bundle RF sensing
with valueadded
services such as

gesture gaming ang

Buyer . _| Moderate . L handsfree
and uncertain _ sensing features; historica - .
Power . ¢High . . navigation; position
perceived failure of 3D TV adoption .
- RF sensing as a
value due to limited everyday . .
privacypreserving
value .
alternative to
cameras
Focus on
. . differentiated use
Existing alternatives
. . . . cases such as
including voice assistants resenceaware
Strong Al remotes, AR/VR P . .
o automation, fitness
competition ecosystems, and .
. tracking, and
Industry from conventional remote
. . Moderate . camerafree
Rivalry incumbent controls; resistance from interaction:
interaction dominant Smart TV OEM: L
. establish
technologies such as Samsung . :
. partnerships with
Electronics and LG
Electronics smart home and
health-tech
ecosystems
Implement privacy
by-design principles|
. GDPR and CCPA concer 4 anp . P
Data privacy, . local ondevice
. regarding gesture, .
behavioral . processing,
Regulatory _ Moderate presence, and vitagign .
. tracking, and . o transparent optin
Barriers _ ¢High monitoring; backlash
compliance controls, and early

requirements

related to Smart TV voiee
data collection practices

engagement with
regulatory
authorities
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8. Exploitation/Business Plag Smart TV

The commercialization of RF sensing in Smart TVs is built on a B2B2C architecture, where
value is created through technology integration and captured through enhanced user
experience and downstream services and the model leverages existing Smart TVesessyst
allowing rapid scalability.

8.1. Business Model Canvas

The Business Model Canvas is a strategic management framework used to visualize, design,
and pivot business models. It provides a siqgage architectural blueprint that aligns high

level strategy with operational activities, making critical traufés ard value drivers visible

at a glance. For the Rfensing Smart TV ecosystem, this framework allows us to map how
hardware innovation (OEMs/ODMS) translates into scalable service revenue and ultimately
delivered to eneusers through enhanced, privafiyst, and frictionless interaction
experiences. Revenue is driven by a mix of hardware integration, licensing, antfong
service monetization, while scalability is enabled through strategic partnerships and modular

technology design.

* ODMs (manufacturing and
scaling)

* Semiconductor suppliers
(RF chips, SoCs)

*0S /platform providers
(software ecosystem)

* Content providers (gaming,
streaming, edtech)

* Smart home and health-
tech partners

* Product engineering and
system integration

* Testing, validation, and
certification

* Partnership development
and sales

* Marketing, pilots, and
demonstrations

KEY RESOURCES

* RF sensing hardware
(antennas, radar modules)

* Al/ML algorithms for signal
processing

 Engineering and R&D
expertise

* Intellectual property
(patents, designs)

e Strategic industry
partnerships

* Hands-free, zero-friction
control (gesture + presence
detection)

* Product differentiation for
OEMs in a saturated market
* Improved accessibility and
inclusivity

* Enablement of new
services (wellness, gaming,
smart home)

KEY PARTNERS KEY ACTIVITIES VALUE PROPOSITIONS CUSTOMER RELATIONSHIPS | CUSTOMER SEGMENTS
* Smart TV OEMs ¢ Research & development ¢ Privacy-first interaction (no | * Long-term strategic Primary:
(integration and distribution) | (RF sensing + Al models) cameras, no audio capture) partnerships (OEMs/ODMs) * Smart TV OEMs (premium

* Co-development and
technical integration support
* Dedicated account
management

* Continuous software
updates and support

+ Joint marketing and
product launches

CHANNELS

* Direct B2B sales to OEMs
and ODMs

* Strategic partnerships with
Smart TV brands

+ Integration through OS
platforms (e.g., app
ecosystems)

* Industry events and trade
shows, digital channels

* Co-marketing via partners
and distributors

and mid-range brands)

* ODM manufacturers (large-
scale production partners)

* OS / platform providers (TV
ecosystems)

End-Users:

* Smart Home & loT-
integrated households

* Privacy-Conscious & Tech
Adopters

+ Elderly / accessibility-
focused users

* Gamers & Immersive
Entertainment Enthusiasts

COST STRUCTURE

REVENUE STREAMS

* R&D and innovation costs (high initial investment)
* Hardware components (RF chips, antennas)

* Integration and manufacturing costs

* Marketing and business development expenses

* Operational costs (support, updates, maintenance)

* Direct sales (RF hardware + software integration)
* Licensing fees (per device / royalties)

* Revenue-sharing agreements with OEMs
* Future subscription services (wellness, fitness, smart home features)

Figure45 ¢ Business Model Canvas tbhe Smart TV Market
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8.1.1.Customer Segments

The primary customer base consists of Smart TV manufacturers (OEMs) such as Samsung
Electronics, LG Electronics, Sony Group Corporation, TCL Technology, and Hisense. These
players dominate a market where differentiation is increasingly driven by softwade a
interaction capabilities rather than display specifications alone. Complementing them are
ODMs such as Foxconn and TPV Technology, which play a critical role in scaling production,
and operating system platforms like Tizen, webOS, and Android TV thas gatekeepers

of the user experience. On the demand side, the end users include Smart home households,
Techsavvy consumers, Elderly and accessikdijused users, Gamers and
wellness/entertainmenforiented users. These segments reflect a shift towandilti-
functional, contextaware devices, where interaction quality becomes as important as
content consumption.

8.1.2.Value Proposition

RF sensing introduces a new interaction paradigm based on ambient intelligence. Unlike
camera or voicdased systems, it operates without capturing visual or audio data, delivering

a privacyfirst experience aligned with increasing regulatory and consisaasitivity. At the

same time, it enables a zefdction user experience, where gestures and presence replace
remotes and explicit commands. This reduces interaction latency and improves usability,
particularly for elderly or mobilitgonstrained users.rbm a commercial perspective, the
value proposition for OEMs is equally strong. In a market approaching saturation, RF sensing
could provide a clear differentiation lever, enabling:

Premium pricing

Ox¢

Product innovation beyond display features

O¢

Expansion into new service ecosystems (gaming, wellness, 10T).

Ox¢

8.1.3.Customer Relationships

Customer relationships are primarily lotgrm, partnershipdriven engagements with OEMs
and platform providers. Given the integration complexity and strategic nature of the
technology, relationships are characterized by:

Codevelopment agreements

O«

6 Technical collaboration and support

Joint geto-market initiatives

Ox¢

At the enduser level, relationships are mediated through OEM platforms but strengthened
via:
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Continuous software updates

Ox¢

Servicebased features (subscriptions)

O«

Personalized user experiences

Ox¢

8.1.4.Revenue Streams

The revenue model for RF sensing in Smart TVs is designed to balance immediate cash flow
with longterm scalability. In the short term, revenues are primarily generated through direct
sales of RF sensing hardware modules combined with embedded softwppdiesiio OEMs

and ODMs as part of their Smart TV production. Complementing this, a licensing model
enables recurring income through panit royalties, allowing the technology to scale
efficiently across large production volumes without proportional is&s in cost. Strategic
partnerships may further introduce revenisharing agreements, particularly for premium
Smart TV models where RF sensing acts as a differentiating feature. Over the longer term,
the business model evolves toward servizdsed monetiation, unlocking subscription
revenues linked to valuadded applications such as wellness monitoring, fitness tracking,
and smart home automation, thereby extending revenue generation beyond the initial
hardware sale.

8.1.5.Key Resources

The core resources underpinning this business model are both technological and
organizational. At the center lies the RF sensing technology itself, which includes specialized
hardware components (such as antennas and radar chips) and advanced softwaitarakgo
capable of interpreting RF signals into meaningful user interactions. This is complemented
by strong capabilities in artificial intelligence and machine learning, essential for signal
processing, gesture recognition, and presence detection. Humaitataepresents another
critical asset, particularly highly skilled engineering and R&D teams responsible for
continuous innovation and system optimization. In addition, intellectual property,
comprising patents, proprietary algorithms, and system desiglay a strategic role in
maintaining competitive advantage and market positioning. Finally, established relationships
GAGUK AYRddzZGNE &GF1SK2f RSNAE TFdzZNIKSNJ SyKI yOS
within existing Smart TV ecosystems.

8.1.6.Key Activities

The successful deployment of RF sensing technology relies on a set of tightly interconnected
activities spanning innovation, integration, and commercialization. Research and
development represent the foundation, focusing on advancing RF sensing accuracy,
improving Addriven signal interpretation, and optimizing system performance inwneald
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environments. Parallel to this, product development and engineering activities ensure that
the technology can be seamlessly integrated into Smart TV architectures, requiring extensive
testing, validation, and certification processes. Another critical @gfiwolves collaboration

with OEMs and ODMs, including customization andl@eelopment efforts to align the
technology with different product tiers and user requirements. On the commercial side,
business development and partnership management are egdettt secure integration
agreements and expand market reach. Finally, marketing activities, such as pilot programs,
demonstrations, and industry engagement play a key role in educating the market and
driving adoption.

8.1.7.Key Partnerships

The business model is inherently ecosystnven, relying on a network of strategic
partnerships across the Smart TV value chain. At the forefront are OEMs and ODMs, which
act as the primary integration and distribution channels, embedding RF sensinwplegh

into final consumer products. Upstream, partnerships with semiconductor and RF
component suppliers are critical to ensure access to-pigtiormance chips, antennas, and
connectivity modules necessary for reliable sensing capabilities. Collaboratitim
operating system and platform providers further enables seamless integration at the
software level, determining how sensing features are exposed to applications angsensl

In addition, partnerships with content providers, such as gaming, stregaramd educational
platforms, help unlock new use cases and enhance the value proposition-eridRied
interaction. Finally, alliances with smart home and he##tth companies create
opportunities to expand into adjacent service domains, reinforcingrthe of Smart TVs as
central hubs within connected living environments.

8.1.8.Cost Structure

The cost structure of RF sensing integration in Smart TVs is characterized by a high initial
investment phase followed by gradual cost optimization as the technology scales. In the early
stages, research and development represent the most significancoogponent, driven by

the need to design RF sensing architectures, develdmséd signal processing algorithms,
and ensure reliable performance across diverse home environments. These upfront
investments are critical to achieving the accuracy, latencyl abustness required for
commercial viability. Hardwareelated costs form another major component, including RF
antennas, radar chips, and supporting electronic modules. These costs are initially elevated
due to low production volumes and specialized gaments but are expected to decline over
time through economies of scale, supplier diversification, and increased standardization of
RF modules within Smart TV architectures. Manufacturing and integration costs also play a
key role, particularly for ODMglapting existing production lines to incorporate RF sensing
capabilities. This includes system integration, calibration, and compliance testing to meet

HOLDEN 101099491 D6.7 Results of the market analysis 168



regulatory and quality standards. In parallel, marketing and business development
expenditures are necessary to drive adoption, encompassing pilot programs, industry
events, demonstrations, and partnership development efforts aimed at OEMs and
ecosystem @yers. Finally, ongoing operational costs include software maintenance, system
updates, technical support, and continuous performance optimization. As the business
evolves toward a servieeriented model, additional costs may emerge related to data
procesing, platform management, and service delivery. Overall, while the cost base is
initially R&Dintensive, it progressively shifts toward a more balanced and scalable structure,
supported by modular design, software reuse, and increasing market penetration.

8.2. Revenue Model & Financial Architecture

This section outlines the economic logic underlying the commercialization of RF sensing
technology embedded in Smart TVs. Unlike infrastructimeen models such as routers, the
Smart TV market is characterized by higlume consumer electronics, stro@zM control,

and rapid product cycles. As a result, the financial architecture is designed to combine
hardwarelinked scalability with recurring, softwaudriven value creation, while maintaining

a modular and integratiofiocused business model. The revermodel follows a hybrid B2B
structure, combining upfront integration revenues with pamit royalties tied to Smart TV
shipments. This ensures immediate monetization during product integration phases, while
enabling longerm recurring income as R#abled Smart TVs scale across global markets.
Additional upside is expected through premium model differentiation and setsiger
monetization, particularly in higbnd segments where RF sensing acts as a key feature.
Overall, the model is designed to achidwgh contribution margins, leveraging low marginal
costs and strong alignment with OEM production volumes.

8.2.1.Pricing Logic

The commercialization strategy for the Smart TV RF sensing platform follows a pure
embeddedsoftware licensing model targeting Smart TV manufacturers, consumer
electronics OEMs, Smart TV operatsygtem providers, and semiconductor ecosystem
partners. Unke conventional computevision analytics platforms requiring dedicated
cameras or cloudbased Al infrastructures, the HOLDEN approach focuses on embedded RF
sensing and environmentamtelligence capabilities integrated directly into Smart TV
ecosystemsThe solution is designed as a lightweight embedded middleware layer enabling
presenceaware interaction, occupancy sensing, contextual environmental intelligence,
gesture and movement detection, ambient interaction capabilities, and pripaeserving
smat-environment awareness. The platform is intended to operate directly on Smart TV
operating systems, edge Al processing layers, TV firmware environments, and embedded
SoC architectures. Indicative industrial targets include Samsung Electronics, LGiekctro
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Sony Group, TCL Technology, Hisense, MediaTek, Google TV ecosystems, and Roku
platforms. The commercialization model is based on two primary revenue streams including
per-device licensing and annual maintenance agreements. Indicative licensing assumptions
are summarized in Tab#.

Table 42 Estimated Licensing Revenigsumptions

Licensing Type Estimated Value
Standard environmental sensing license en@amdnn  LISNJ
Premium ambienintelligence feature set e M@aaidnn LIS NJ

Annual maintenance agreements 5¢10% of annual licensing revenusg

Maintenance cap USD 100&150k per SKU/platform

The commercialization strategy intentionally avoids dedicated sensing hardware
manufacturing, clouébased analyticservice operation, and direct consumgervice
commercialization. Instead, the business model focuses on embedded environmental
intelligence licensing integrated into existing Smart TV ecosystems, enabling scalability
through established consumelectronics distribution channels.

8.2.2.Cost Structure

The operational cost structure reflects the embeddsaftware and consumeelectronics

nature of the Smart TV RF sensing commercialization strategy. Because the business model
follows a pure licensing approach without dedicated hardware deployment, ojoesalti
expenditures are concentrated primarily during initial Smart TV platform integration, chipset
optimization, firmware adaptation, operatirgystem compatibility validation, and OEM
onboarding phases. After successful onboarding of a Smart TV SKUfplaitficremental
deployment costs are expected to remain relatively low. Indicative annual fixed operational
costs are summarized in Table 43.

The largest operational cost drivers are expected to include embedded RF sensing
optimization, edge inference optimization, memory and compigetprint optimization,
Smart TV firmware integration, chipset adaptation and validation, and OEM ecosystem
compadibility. One of the most significant commercialization challenges is interoperability
validation across heterogeneous Smart TV ecosystems and semiconductor platforms.
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Table 43; Estimated Annual Fixed Operational Costs

Fixed Cost Category Annual Fixed Cost
RF sensing & Al software R&D enpni
Embedded TV middleware engineering eopni
SoCl/chipset optimization EHpPAN]
TV OS compatibility validation e mp i
OEM support & business development €EHpPpANY
Privacy & compliance e Mmnni

Total Estimated Annual Fixed Operational Cg e Mmdppa

8.2.3.Contribution Margin

Most of the engineering effort is expected to occur during initial Smart TV platform
onboarding, SoC optimization, TV operatsygtem integration, firmware adaptation, and
OEM compatibility validation. Once integration into a given Smart TV platforrmigleted,
subsequent deployment scaling across the same OEM ecosystem is expected to require
relatively limited incremental operational effortContribution-margin assumptions are
summarized in Table 44.

Table 44: Contribution Margin Assumptions

Initial Integration Contribution

Commercial Activity Average Revenue

Cost Margin

Smart TV platform
~40%
onboarding emynl € Mmn 0%
OEM pilot deployment € onni eEMy nj ~40%

Postvalidation

Recurring license

Low incremental

75¢90%
revenues cost

deployment scaling

Contribution margins are expected to improve after onboarding phases because most
engineering costs are incurred once during initial integration activities, while subsequent
deployments generate limited incremental operational costs and maintenance dbhgat
remain bounded through capped support structures.

HOLDEN 101099491 D6.7 Results of the market analysis 171



8.2.4.BreakEven Analysis

The breakeven analysis reflects commercialization dynamics associated with consumer
electronics and Smart TV ecosystems. Commercialization timelines are influenced by Smart
TV productgeneration cycles, OEM integration timelines, firmwasgsgtification pocedures,

SoC optimization activities, and ecosystem compatibility validation. Typical Smart TV
integration cycles are expected to require approximately2® months for integration,
validation, and deployment synchronization.

Table 45 Estimated Investment Allocation

Investment Category Estimated

Investment
RF sensing & Al product industrialization e M®PH a
Embedded middleware & SoC optimization € pnnij
TV OS compatibility & interoperability validatior eEpnnij
OEM partnerships & commercial development €Epnnij
Privacy, compliance & deployment validation ennnij

Total Estimated Investment €odgadn

The commercialization model assumes that most of the integration and optimization costs
occur during onboarding phases, while subsequent deployment scaling generates relatively
low incremental operational costs. Revenue generation is expected to progrlssixolve

from engineeringintensive pilot integrations toward scalable recurring middlewkcense
revenues, maintenance agreements, and ecosyskdde deployment expansion across
multiple Smart TV generations.

The commercialization strategy follows a partnerstifpjven goeto-market model involving
Smart TV OEMs, semiconductor vendors, Smart TV opestgigm ecosystems,
middleware integrators, and consumefectronics ecosystem stakeholders. Because
interoperability engineering activities are primarily concentrated during onboarding phases,
mature commercialization stages are expected to benefit from stronger operational
leverage, scalable recurrifigense economics, and predictable letegm support costs.

Depending on OEM onboarding dynamics, middleware adoption speed, and ecosystem
expansion, operational breadéven is expected between Years 3 and 5 under realistic
commercialization assumptions, while accelerated ecosystem adoption may enable earlier
profitability.
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8.2.5.FiveYear Revenue Scenarios

Three commercialization scenarios were evaluated to estimate the potential financial
evolution of the RF sensing Smart TV licensing platform across conslengpnics
ecosystems. All scenarios assume that recurring maintenance revenues scale proggrtional
with deployedlicense volumes, annual support obligations remain partially capped per
SKU/platform, and most interoperability engineering activities occur during onboarding
phases. Across all commercialization scenarios, recurring middldigarse reenues and
maintenance agreements are expected to progressively dominate the revenue mix,
improving operational leverage, financial predictability, and kergn profitability while
reducing dependence on new integration activities.

Conservative Commercialization Scenario

The conservative commercialization scenario assumes relatively slow OEM adoption, limited
pilot-to-commercial conversion, and gradual integration into selected Smart TV product
lines.

Table46 ¢ Conservative Commercialization Scenario

Year Total Revenue Total Cost Profit/Loss

Year 1l EnNd®Hpa EMPp a € MOPHpa
Year 2 €endya e MmPy a -€cmMmdna
Year 3 e MmPy a € HPMma -€ndoa
Year 4 €0dya € HDY a e Mdn a
Year 5 ecdna €0dya € H®H a

Under this scenario, operational breaken is expected during Year 5 as recurring
middlewarelicense revenues progressively expand across deployed Smart TV platforms
while interoperability engineering costs gradually stabilize. Slower OEM onboarding
dynamics and limited ecosystem expansion delay profitability compared with more
aggressive commercialization assumptions.

Moderate Commercialization Scenario

The moderate commercialization scenario assumes successful OEM pilot deployments,
progressive Smart TV ecosystem integration, recusicense expansion, and broader
middleware adoption across multiple consurrectronics platforms.

HOLDEN 101099491 D6.7 Results of the market analysis 173



Table47 ¢ Moderate Commercialization Scenario

Year Total Revenue Total Cost Profit/Loss
Year 1 enodna e Mmdc a - M®PH a
Year 2 emodna eEH®PNna - ndca
Year 3 ceodna €EHODT a €Enodoa
Year 4 ecdPna € 0odPya € H®PHa
Year 5 eEMnodna EpdPna EpdPna

Under this scenario, operational breaken is expected between Years 3 and 4 through a
combination of recurring middlewarkcense revenues, broader OEM integration, scalable
deployment across multiple Smart TV generations, and maintenance agreementasss$o
with deployed consumeelectronics platforms. By Year 5, recurring middlewi&zense and
maintenance revenues are expected to represent a substantial portion of total annual
revenues, significantly improving operational leverage, financial preullitta and long

term profitability.

Smart TV Business Forecast (5 Years)

10 + BN Revenue
I Total Costs
I Profit

€ Millions

.

| A ul
L]

T T T T
Year 1 Year 2 Year 3 Year 4 Year 5

Figure 46 Five years revenue/cost/profit forecast for moderate growth scenario

Accelerated Commercialization Scenario

The accelerated commercialization scenario assumes strong OEM adoption, successful
lighthouse integrations with major Smart TV ecosystem providers, rapid middleware
standardization, and broad recurrifigense expansion across multiple global Smart TV
platforms.
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Table 47 Accelerated Commercialization Scenario

Year Total Revenue Total Cost Profit/Loss

Year 1 en®dca EMPT a € MPdPMa
Year 2 € H®Ha € H®Poa €ndma
Year 3 eEpdPna € 0dPHa E MDY a
Year 4 € pdna eEndpa eEndpa
Year 5 EMp Pna ecdPna € pdPna

Under this scenario, operational breaken is expected between Years 2 and 3 as recurring
middlewarelicense revenues rapidly scale across multiple OEM ecosystems while
operational costs remain partially capped after onboarding and interoperability
standadization activities are completed. Lotgrm profitability improves substantially
because recurringicense revenues scale proportionally with deployed Smart TV
infrastructures while incremental operational costs remain comparatively limited.

8.2.6.Financial Sustainability

The longterm financial sustainability of the commercialization model derives from recurring
per-device firmware licensing, scalable Smart TV deployment volumes, reusable middleware
integration frameworks, maintenance revenues proportional to deplelyeghse volumes,
capped annual support obligations per SKU/platform, and low marginal operational costs
after onboarding. Because interoperability engineering is primarily concentrated during
onboarding phases, the business model benefits from strong opertiemerage, scalable
recurringlicense economics, and predictable letegm support costs.

8.3. Market Entry Roadmap

The marketentry strategy follows a phased consuredectronics ecosystem
commercialization approach designed to progressively validate the technology, reduce
integration risk, and establish strategic positioning within Smart TV and dmarée
infrastructures. The roadmap prioritizes firmware compatibility, SoC interoperability, edge
inference optimization, Smart TV operatisgstem integration, and scalable embedded
licensing deployment models.

8.3.1.Phase X OEM Validation & Technical DemonstratioQl(® months)

The first commercialization phase focuses on validating RF sensing technologies within real
Smart TV environments and demonstrating interoperability across representative consumer
electronics ecosystems. Activities include middleware integration into weleSmart TV
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platforms, chipset and firmware compatibility validation, RF sensing calibration, edge Al
optimization, and privacgompliance assessment across ecosystems such as Tizen, webOS,
Android TV, and Google TV. The primary objective of this phase is to achawvegdy
technical maturity, reusable integration frameworks, and initial engagement with Smart TV
OEMs and semiconductor partners.

8.3.2.Phase 2 OEM Pilot Deployments (24 months)

The second commercialization phase focuses on pilot deployments with selected OEM
partners and the establishment of initial recurritigense revenues. The technology is
integrated into limited Smart TV product lines to validate deployment scalability,
interoperability, UX consistency, and operatiosalpport requirements. Activities include
firmware optimization, multgeneration Smart TV validation, recurriicense framework
definition, and certification activities. This phase remains partnerdhiyen in order to
reduce operational risk and accelerate ecosystem maturity.

8.3.3.Phase ¥ Commercial Ecosystem Scalingcd®months)

The third commercialization phase focuses on scaling through broader OEM adoption,
middleware licensing expansion, semiconductor ecosystem integration, and standardized
embedded deployments across multiple Smart TV generations. At this stage, interoperability
engineering and deploymentalidation activities are expected to be largely completed,
enabling stronger operational leverage, lower marginal deployment costs, and scalable
recurringlicense revenues. Commercial growth is expected to be driven primardugh

OEM partnerships, Smart TV operatsygtem ecosystems, and reusable middleware
integration frameworks.

8.3.4.Phase £ Platform Consolidation & International Expansionc{4sB
months)

The final commercialization phase focuses on consolidating RF sensing as an embedded
environmentalintelligence layer within Smart TV and smhdme ecosystems while
supporting international expansion and ecosystem diversification. Commercialization
activities rely primarily on recurring firmwaskcense revenues, annual maintenance
agreements, and lonterm OEM partnerships. As adoption scales, the technology may
support broader ambiertomputing applications including contextual interaction, smart
home orchestration, accessibility services, wellnesented functionalities, and connected

living environments. The loAgrm objective is to position RF sensing as a scalable platform
capability embedded across negéneration Smart TV ecosystems.
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8.3.5.Risk Mitigation Strategy

Key identified risks include OEM dependency risk, Smart TV prgduoetration
obsolescence, chipset fragmentation, TV operaBggtem fragmentation, aggressive pricing
pressure, feature commoditization, and privacy and regulatory constraints. Mitigation
strategies include diversification across OEM and chipset partners, reusable middleware
integration frameworks, standardized compatibititglidation methodologies, and
progressive pilot validation.

8.3.6.Strategic Growth Outlook

The roadmap outlines a structured transition from technology validation to faogde
commercialization, aligning product maturity with market readiness, OEM integration
timelines, and ecosystem expansion opportunities. Ltargy growth is expected to be
driven by increasing Smart TV penetration globally, growing demand for piivasgrving
interaction technologies, and expansion of smlaoime ecosystems. RF sensing technologies
can progressively evolve from premium feature differentiation toward becgman
foundational interaction layer embedded within Smart TV ecosystems. Future expansion
opportunities include contextual TV interaction, occupancy intelligence, multimodal
environmental sensing, smahtome orchestration, wellnessriented applications,
accessibility services, and ambiecdmputing infrastructures.

8.3.7.Intellectual Property Strategy

Intellectual property represents a central pillar of the commercialization strategy for RF
sensing technologies within Smart TV ecosystems, ensuringtéomgdifferentiation and
defensibility within a highly competitive consumelectronics market. The IBtrategy
follows a multilayered protection approach combining selective patenting, proprietary
implementation knowhow, confidential software optimization methodologies, and
restrictedaccess engineering frameworks. Selective patenting activities fati-based
gesture recognition, occupancy sensing, mu#ier interaction, and privaegreserving
environmentalintelligence methodologies. Proprietary RF sigmalcessing pipelines,
machinelearning optimization methodologies, calibration procedures, edded
middleware architectures, and interoperability optimization techniques are expected to be
protected through trade secrets, internal access restrictions, controlled deployment
procedures, and nowlisclosure agreements with partners.

8.3.8.Capital Strategy and Funding Requirements

The commercialization pathway for RF sensing technology within Smart TV ecosystems is
designed to balance moderate upfront investment requirements with high -teng
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scalability by leveraging the existing manufacturing and deployment infrastructures of major
Smart TV OEMs. The primary funding requirements are concentrated during technology
maturation, interoperability engineering, OEM integration, ecosystem valida&iod, early

stage commercialization activities. Indicative sagbfunding requirements are summarized

in Table48.

Table 48&; Estimated Scale)p Funding Requirements

Funding Category Estimated Investment

Technology refinement and Al/ML optimization € M Pgieam ®o a
Hardware integration and RF module industrializati €T NQeldn ni
OEM pilot deployments and validation programs € pngelr nnj
Integration engineering and firmware compatibility, € NnNngeilc nnij
Sales, marketing, and business development € nngeilp nni
Legal, IP protection, and certification € o Ngeln n nj

Total Estimated Scaldp Funding € 0 doean ®n a

8.3.9. Strategic Financial and Commercial Conclusion

The commercialization strategy for RF sensing technologies within Smart TV ecosystems
demonstrates a strong balance between scalability, profitability, operational efficiency, and
controlled risk exposure. Given that the global Smart TV market exceedsxapptely 200
million units annually, even relatively modest penetration levels in the range5$olcould
translate into substantial recurring licensing revenues. Financially, the commercialization
model benefits from a higimargin embeddeesoftware licersing structure where marginal
deployment costs remain relatively low due to reusable firmware architectures,
standardized interoperability methodologies, and scalable middleware integration
frameworks. Contribution margins are expected to progressivelgek80% following initial
onboarding and interoperabilityalidation phases, while operational breaken is expected

to become achievable through approximately two to three major OEM partnerships. The
phased markeentry roadmap further reduces commerdmdtion risk by ensuring that
scaling activities remain driven by validated technical performance, interoperability
maturity, and strategic ecosystem partnerships.
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8.4. Marketing and Communication

The marketing and entry strategy for RF sensing technology focuses on introducing the
product as a valuadded feature for Smart TVs, designed to enable-imvasive monitoring

of movement and activity/gesture recognition. Without requiring additional desj

wearables, or cameras, this feature will enhance user experience and privacy for smart home
applications. By leveraging digital advertising, social media campaigns, webinars, and event
participation, we aim to build awareness among Smart TV OEMs, GibMtech integrators

Fo2dzi GKS (SOKy2ft23@8Qa dzyAljdzS OF LI oAt AGASE |
a competitive market.

8.4.1.Positioning and Market Penetration

Our primary objective is to position RF sensing as a foundational technology for Smart TVs,
evolving the device into an ambient interaction hub. By integrating movement monitoring
and gesture recognition, we enhance media engagement and providevhigk, privacy
compliant functionalities.

Key Goals

Educate the Market on BenefitsDemonstrate how integrating RF sensing technology
differentiates Smart TVs, providing competitive advantages and added value to consumers.

Establish Key Partnership§orge strategic partnerships with Smart TV manufacturers, tech
integrators, and complementary tech companies to accelerate market penetration.

Build Awareness through Effective Campaighgverage targeted digital advertising, social
media, webinars, events, and public relations to generate awareness, demand, and adoption
of RF sensing technology.

8.4.2.Public Relations

Press Releases

Strategically timed press releases will announce key milestones (such as technology
advancements, partnerships, and product launches) distributed to leading tech media
outlets to ensure visibility among Smart TV manufacturers and industry influencers.

CoMarketing
Comarketing partnerships with complementary tech providesuch as Smart TV brands,

home automation companies, or heaithch innovators g A f € t SGSNIF IS St OK
audience and increase credibility. Joint campaigns and bundled offerings can demonstrate
the added value of the integrated solution in smart homes.

Social Media Campaigns
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Platforms like Linkedln and X are essential for targeting professionals in Smart TV
development and integration. Through organic posts, sponsored content, and interactive
discussions (e.g., polls, Q&A sessions), we can engage potential customers, sbass suc
stories, and position technology as a differentiator.

Webinars & Online Demos

Offering live webinars and online demos provides provide an interactive channel to
AaK2g0l aS (KS (SOKyz2ft23eQa OFLIoAftAGASAT | ya3
enhancing Smart TV functionality and smart home applications.

Event Participation

Participating in tech conferences and trade shows is crucial for networking, raising product
awareness, and engaging directly with Smart TV manufacturers and tech integrators. These
events allow facdo-face interactions that build trust, partnerships, ambtential co
marketing opportunities.

Diqital Ads plus Visual Content

Digital advertising will target Smart TV manufacturers, tech integrators, and industry
decisionmakers. Visual content such as explainer videos, infographics, and demonstration

Of ALJA sAff aKz2g Ol aslikadeSureresayhitipr? maveniaeking) Sy ST A |
and health monitoring making complex capabilities easy to understand.
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9. Conclusions

This deliverable demonstrates that the RF sensing technologies developed within the
HOLDEN project possess significant {mrgn commercialization potential across
infrastructuresecurity, elderlycare, and consumeglectronics markets. The market analysis
confirms that the convergence of privacy regulation, infrastructure digitalization, intelligent
sensing ecosystems, and growing demand for-mwasive monitoring creates favorable
conditions for the adoption of privaegreserving RF sensing technologies.

The study highlights that HOLDEN technologies are particularly well positioned in application
domains where conventional sensing approaches present operational limitations associated
with  line-of-sight dependency, intrusive monitoring practices, wearaldeice
requirements, or privacy concerns. Across the investigated scenarios, RF sensing provides
differentiated capabilities through passive sensing, hidden deployment,-coatact
monitoring, and environmental intelligence generation.

The commercialization and financial assessment further demonstrate that liceoserged
business models combined with strategic ecosystem partnerships can provide attractive
longterm scalability and sustainable operational leverage. By leveragingsinfciure
reuse, embedded software integration, recurring licensing structures, and maintenance
oriented revenues, the proposed business architectures significantly reduce the capital
intensity typically associated with traditional hardwazentric deploynents.

The analysis also indicates that successful commercialization will depend on interoperability
validation, ecosystem integration, regulatory compliance, and strategic collaboration with
OEMs, broadband operators, semiconductor vendors, and infrastructkmarity
stakeholders. Consequently, the proposed mar&etry strategies prioritize phased
deployment, pilot validation, and partnershigriven scaling approaches aimed at
progressively reducing technical and operational riskaportantly, the exploitation
pathways developed within this deliverable remain fully aligned with the ethical and privacy
preserving principles underpinning the HOLDEN project. Unlike many existing sensing
technologies, HOLDEN solutions are designed twmige intrusive monitoring practices
while enabling advanced environmental perception and intelligent sensing capabilities.

Overall, the market analysis and exploitation assessment confirm the technological
relevance, economic sustainability, and strategic commercial potential of the HOLDEN
innovations. The proposed commercialization frameworks provide realistic pathways toward
industrial adoption while preserving scalability, operational efficiency, regulatory alignment,
and longterm market flexibility.
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