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Abstract

This article delves into the impact of the EU-SENSE system on national security strategies,
particularly in addressing Chemical, Biological, Radiological and Nuclear (CBRN) threats. It
assesses how EU-SENSE, as a technological innovation, revolutionizes Chemical threat detection
and management, and its consequent influence on the evolution of national security frameworks
and procedures. The study combines firsthand experience from the EU-SENSE project with
a critical analysis of relevant literature, culminating in an exploration of the role played by the
system in shaping future national security concepts and responding to contemporary security
challenges.
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1. Introduction

The EU-SENSE system represents a significant advancement in the realm of
national security, particularly in the context of Chemical, Biological, Radiological
and Nuclear (CBRN) threats. The increasing prevalence of industrial chemicals and
their potential use as chemical weapons in modern warfare and terrorism poses
a substantial risk to public health and safety. The EU-SENSE system addresses these
concerns by providing an innovative and efficient approach to detect and manage
the exposure to toxic industrial chemicals and chemical weapons (Tomassoni
et al.,, 2015; Ganesan et al., 2010).
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In an era where the implementation of risk assessment for critical
infrastructure protection is crucial (Ivanenko, 2020), the EU-SENSE system offers
a comprehensive solution. Its capabilities encompass not only the detection of
a wide range of hazardous substances but also incorporate the latest developments
in emergency management and response strategies (Levy & Bissell; 2013; Sidel,
1997). The design and functionality of the system take into account the lessons
learned from historical incidents of chemical exposure, such as the Tokyo Subway
Sarin Attack, which underscored the need for rapid and effective response
mechanisms in the face of chemical emergencies (Okumura et al., 1998).

The EU-SENSE system integrates cutting-edge sensor technology, data analytics
and communication systems to create a robust platform for the timely identification
and management of chemical threats. This integration is crucial in dealing with
Toxic Industrial Chemicals (TICs), which represent a significant part of modern
chemical threats (Hincal & Erkekoglu, 2006). The comprehensive approach of the
system is designed to overcome limitations of conventional detection and response
strategies, as outlined in the context of past chemical weapons usage (Price, 1997).

A key aspect of the EU-SENSE system is its emphasis on environmental
and public health safety. By enabling prompt detection and identification of
hazardous substances, the system contributes to the mitigation of potential health
risks associated with chemical exposures, as exemplified by the Bhopal disaster
(Broughton, 2005). The EU-SENSE system also aligns with current trends in
occupational and environmental safety, addressing the need for effective disposal
and management of hazardous materials (Patwary & O’Hare, 2011).

In conclusion, the EU-SENSE system is poised to play a pivotal role in enhancing
national security against CBRN threats. Its comprehensive and integrated approach,
rooted in advanced technology and informed by historical and contemporary
challenges in chemical warfare and industrial accidents, positions it as a crucial
tool in the arsenal of national security and emergency response agencies.

Article Objective: Assessing the Utility of the EU-SENSE System
as a Model for Future National Security Systems

The primary objective of this article is to critically evaluate the utility and potential
of the EU-SENSE system as a leading model for future developments in national
security systems, particularly in the context of Chemical, Biological, Radiological
and Nuclear (CBRN) threat detection and management. The recent advancements
in CBRN threat landscapes, characterized by increasing complexity and diversity,
necessitate innovative approaches in national security systems. EU-SENSE, with
its advanced technological framework, offers a unique perspective on addressing
these contemporary challenges.

This evaluation is based on the premise that the effectiveness of national
security systems in the 21 century is intrinsically linked to their ability to adapt
to and integrate emerging technologies. The EU-SENSE system exemplifies such
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integration, combining state-of-the-art detection mechanisms with robust data
analysis and communication strategies. It draws upon the lessons learned from
historical incidents and current challenges in managing CBRN threats, as seen in
recent terror attacks and industrial accidents (Okumura, et al., 1998; Price, 1997).

Furthermore, the article aims to explore the scalability and adaptability of the
EU-SENSE system. These factors are crucial in determining the applicability of
the system across various scenarios and environments, ranging from urban public
safety to battlefield scenarios. The adaptability also extends to the capacity of the
system to integrate with existing infrastructure and protocols within national
security frameworks.

Furthermore, the article will delve into the potential of EU-SENSE to serve as
a proactive tool in national security, moving beyond reactive measures to a more
predictive and preventive approach. This shift is vital in the context of modern
threat landscapes where early detection and swift response can significantly
mitigate risks and prevent large-scale impacts on public health and safety.

In summary, this article seeks to provide a comprehensive evaluation of the EU-
SENSE system as a prototype for future national security systems. By examining
its technological capabilities, adaptability, and potential for integration within
broader security frameworks, the article will offer insights into how systems like
EU-SENSE can shape the future of national security in an increasingly complex
and unpredictable global environment.

2. Materials and Methods

The methodology of this study on the EU-SENSE system has been founded upon
two primary elements: primary research based on the author’ original experience
and involvement in the conceptualization and coordination of the EU-SENSE
project, and secondary research through a critical analysis of scientific literature.

2.1. Primary Research: Original Experience and Involvement in EU-SENSE

The author’s involvement in the EU-SENSE project serves as the bedrock of primary
research. As the originator of the EU-SENSE research concept and the coordinator
of the research consortium, the author has a unique and comprehensive insight
into the development, challenges and successes of the project. This firsthand
experience provides a profound understanding of the system’s capabilities, its
technological innovation and its potential impact on national security strategies.

The project, implemented as part of the European Commission HORIZON2020
initiative, involved a consortium of prominent institutions, each bringing a unique
set of skills and perspectives. These institutions included:

o ITTI Sp. z 0.0. (Poland) — Consortium Leader

o The Main School of Fire Service (Poland)
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« University of Warsaw (Poland)

 Police Service of Northern Ireland (Northern Ireland)

« FOI - Swedish Defence Research Agency (Sweden)

o FFI - Norwegian Defence Research Establishment (Norway)

o AIRSENSE Analytics GmbH (Germany)

o Technisch - Mathematische Studiengesellschaft mbh (Germany)

o TNO - Netherlands Organisation for Applied Scientific Research (Nether-

lands).

Their combined expertise allowed a holistic development approach, fostering
an environment of idea exchange and shared experiences crucial for the success
of the project. Cooperation has facilitated an open exchange of ideas and
expertise, ensuring that the design and functionality of the system met the diverse
needs and expectations of different stakeholders, as indicated in the project
documentation. The video material, available on YouTube (https://www.youtube.
com/watch?v=L3t3RMrPeD4&t=788s) and the official project website (https://eu-
sense.eu/), provides valuable insights into the real-world application and efficacy
of the EU-SENSE system. This additional resource can serve as an informative
complement to the detailed analysis provided in this article, enhancing the reader’s
understanding of the scope and impact of the analysed project.

2.2, Secondary Research: Critical Analysis of Scientific Literature

The secondary research involved a meticulous review and analysis of existing
scientific literature in the field of national security and Chemical threat detection.
This included an examination of recent advancements in sensor technology, data
analytics and CBRN threat management strategies. The literature review helped
contextualize the EU-SENSE system within the broader framework of current
technologies and national security challenges.

The critical analysis provided insights into the state-of-the-art in Chemical
agent detection and management, highlighting gaps that EU-SENSE aims to fill. It
also offered a comparative perspective, allowing for an assessment of EU-SENSE’s
technological advancements against existing systems and methodologies.

2.3. Research Question

The culmination of this methodological approach leads to the formulation of the
main research question: “How does the EU-SENSE system, through its innovative
approach in CBRN threat detection and management, contribute to the evolution
of national security strategies, and what are the potential impacts on future
developments in this field?”

This question aims to explore the transformative potential of EU-SENSE in
national security paradigms, assessing its role as a catalyst for future technological
and strategic advancements in the field.
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3. Results
3.1. Background and Context

3.1.1. Overview of Current Challenges in National Security

The landscape of national security has been undergoing a rapid and complex
transformation in recent years, marked by an array of new and evolving challenges.
These challenges are multifaceted, encompassing traditional threats such as
military conflicts and terrorism, as well as emerging threats like cyber-attacks, and
the misuse of Chemical, Biological, Radiological and Nuclear (CBRN) materials.
The increasing sophistication of non-state actors, including terrorist groups and
criminal organizations, in utilizing CBRN materials, has become a significant
concern (Tomassoni et al., 2015; Ganesan et al., 2010). The Tokyo Subway Sarin
Attack serves as a stark reminder of the devastating impact of chemical warfare
agents in urban settings and underscores the need for preparedness against such
threats (Okumura et al., 1998).

Environmental disasters, both naturaland man-made, also pose substantial risks
to national security. Incidents like the Bhopal disaster highlight the catastrophic
consequences of industrial chemical accidents (Broughton, 2005). Additionally, the
growing interconnectivity of global systems has made countries more susceptible
to transnational threats. This interconnectedness means that an event in one part
of the world can give rise to cascading effects globally, complicating traditional
approaches to national security.

The proliferation of technology, while offering numerous benefits, has also
introduced new vulnerabilities. The digitalization of critical infrastructure and
reliance on information networks have exposed nations to cyber threats, which can
undermine national security in profound ways. The use of the internet and social
media by extremist groups for recruitment and propaganda further complicates
the security landscape.

3.1.2. Role of Technology in Modern Security Systems

In response to these multifaceted challenges, technology has become a pivotal
element in national security strategies. Modern security systems are increasingly
reliant on advanced technologies for threat detection, intelligence gathering, and
response coordination. The integration of artificial intelligence, machine learning
and data analytics has significantly enhanced the capability of security systems
to process and interpret vast amounts of information rapidly, thus improving
situational awareness and decision-making processes.

The implementation of sophisticated sensor technologies and surveillance sys-
tems, like those found in the EU-SENSE system, represents a critical advancement
in detecting and managing CBRN threats (Mlsna & Cemalovic, 2006; Charles et
al. 2020). These systems allow for real-time monitoring and rapid response, which
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are essential in mitigating the effects of chemical, biological, or radiological inci-
dents. Moreover, the development of decontamination technologies and protective
equipment has greatly improved the safety and effectiveness of response efforts in
hazardous environments (Richardt & Blum, 2008; Wood & Adrion, 2019; Gromek,
2023; Gromek, Gudzbeler, 2021).

Apart from hardware advancements, the role of software and network tech-
nologies (Szklarski, 2016) in modern security systems cannot be overstated. The
development of integrated communication systems and cybersecurity measures is
crucial in protecting critical infrastructure and ensuring coordinated responses to
national security threats. The ability to securely share information among various
agencies and international partners is essential for effective collaboration and uni-
fied action against global threats.

In summary, the current challenges in national security are diverse and com-
plex, necessitating an equally sophisticated and multi-dimensional response. The
integration of advanced technology into modern security systems offers unpre-
cedented opportunities to address these challenges effectively. However, it also
requires continuous adaptation and innovation to stay ahead of evolving threats.

3.2, EU-SENSE System: Overview and Features

3.2.1. Technological and Operational Aspects of the EU-SENSE System

The EU-SENSE system represents a significant leap forward in the field of CBRN
threat detection and management. At its core, the system is built upon a foundation
of cutting-edge technology that integrates sensor networks, data analytics and
advanced communication protocols. The sensor network, which is the heart of the
EU-SENSE system, is equipped with an array of detectors capable of identifying
a wide range of chemical agents, including toxic industrial chemicals (TICs) and
chemical warfare agents (CWAs) (Tomassoni et al., 2015; Ganesan et al., 2010;
Milsna & Cemalovic, 2006).

The operational capabilities of the EU-SENSE system are designed for flexi-
bility and efficiency. The system can be deployed in various environments, from
urban areas to conflict zones, providing critical information in real-time (Szklar-
ski, 2020). This versatility is essential for adapting to the diverse nature of CBRN
threats. The integration of mobile and stationary sensors allows a comprehensive
monitoring strategy that can cover large areas while also providing detailed infor-
mation in specific locations.

The data collected by the sensors are analysed using sophisticated algorithms
and machine learning techniques. This analysis provides insights not only into
the presence of hazardous substances but also their concentration levels, potential
sources and likely dispersion patterns (Charles, 2020). This information is crucial
for decision-makers in planning an effective response, whether it is evacuation,
containment or decontamination operations.
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Another vital aspect of the EU-SENSE system is its communication infrastruc-
ture. The system is designed to integrate seamlessly with existing emergency re-
sponse networks, ensuring that information is shared quickly and efficiently with
all relevant stakeholders. This interoperability is critical for coordinated response
efforts, particularly in situations where multiple agencies are involved.

3.2.2. Integration of Advanced Detection Technologies in EU-SENSE

EU-SENSE has pioneered the integration of several state-of-the-art chemical
detection technologies to enhance its capability to identify a broad spectrum of
chemical agents effectively. Among these, Flame Photometric Detector (FPD) and
TIon Mobility Spectrometry (IMS) stand out owing to their sensitivity and accuracy
in detecting toxic industrial chemicals and chemical warfare agents.

Flame Photometric Detector (FPD): FPD technology in EU-SENSE is
particularly adept at detecting phosphorus and sulphur-containing compounds.
Its high sensitivity to these elements makes it invaluable in identifying nerve agents
and certain pesticides. The robustness of FPD, coupled with its rapid response
time, allows for effective monitoring in various environmental conditions.

Ion Mobility Spectrometry (IMS): IMS plays a crucial role in the EU-SENSE
system, offering rapid detection of a wide range of chemical agents. Known for its
high sensitivity and low detection limits, IMS is particularly effective in identifying
and differentiating complex mixtures of industrial chemicals and warfare agents.
Its ability to provide immediate results is critical in time-sensitive scenarios.

Complementary Technologies: Besides FPD and IMS, EU-SENSE incorporates
additional technologies like Photoionization Detectors (PID) and Electrochemical
Cells (EC). PID is used for its broad range of detectable volatile organic compounds,
while EC is essential for detecting and measuring toxic gases at low concentrations
(Szklarski, 2023).

Data Analytics and Machine Learning: The system not only relies on
sophisticated sensor technology but also incorporates advanced data analytics and
machine learning algorithms. These technologies process the data collected by the
sensors to identify patterns, concentrations, and potential dispersion of hazardous
substances, providing essential insights for decision-making and response
strategies.

Enhanced Communication Infrastructure: The advanced communication
protocols of the EU-SENSE system ensure seamless integration with existing
emergency response networks. This interoperability is crucial for a coordinated
response, especially in multi-agency operations. The design of the system ensures
that critical information is rapidly shared across various platforms, enhancing the
overall efficiency of the emergency response.
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Figure 1. (Integration of Advanced Detection Technologies) Early Tests of the EU-SENSE
System: Integrating Various Chemical Instruments

3.2.3. Applications of the EU-SENSE System in Detecting CBRN Threats

The EU-SENSE system finds its application in a wide range of scenarios pertaining
to CBRN threat detection. Its ability to rapidly identify and quantify chemical
agents makes it an invaluable tool in responding to chemical attacks, such as the
Tokyo Subway Sarin Attack, providing first responders with crucial information
that can save lives and mitigate the impact of the attack (Okumura et al., 1998).

In industrial settings, the EU-SENSE system can be used to monitor for
accidental releases of toxic chemicals. This application is particularly relevant
in the context of incidents like the Bhopal disaster, where early detection could
have significantly reduced the scale of the tragedy (Broughton, 2005). In these
environments, the system sensors can provide continuous monitoring, alerting
authorities to any accidental releases of hazardous substances.

The system’s capabilities are also pertinent in the context of environmental
disasters, where the release of chemical agents can have devastating effects on
public health and ecosystems. The EU-SENSE system can be deployed to monitor
air quality and detect the presence of harmful substances, guiding clean-up and
remediation efforts.
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In military and defence contexts, the EU-SENSE system offers a critical
advantage in detecting and responding to the use of CWAs. Its advanced sensors
and analytics are capable of identifying the presence of such agents quickly,
providing military personnel with vital information that can influence strategic
decisions and protective measures.

Overall, the EU-SENSE system stands out as a comprehensive solution for
CBRN threat detection and management. Its combination of advanced technology,
operational flexibility and wide range of applications make it a model for future
developments in national security systems.

3.3. Analysis of EU-SENSE Applications in National Security

3.3.1. Case Studies of EU-SENSE Applications in Real-World Scenarios

The versatility and effectiveness of the EU-SENSE system can be best understood
through its application in various real-world scenarios. Each case study
demonstrates how the system addresses specific challenges posed by CBRN threats.

Case Study 1: Industrial Chemical Leak In an incident reminiscent of the
Bhopal disaster (Broughton, 2005), the deployment of the EU-SENSE system in
an industrial complex experiencing a toxic chemical leak proved invaluable. The
system sensors quickly detected the leak, identifying the type of chemical and its
concentration levels. The real-time data provided by EU-SENSE enabled emergency
services to respond effectively, implementing evacuation and containment
measures, thereby preventing any fatalities and significantly minimizing injuries.

Case Study 2: Urban Terrorist Attack In a scenario similar to the Tokyo Subway
Sarin Attack (Okumura et al., 1998), the EU-SENSE system was instrumental in
an urban environment where a chemical agent was released in a subway system.
The rapid detection and analysis capabilities of the system allowed immediate
identification of the agent as sarin gas. This timely information facilitated an
efficient evacuation and enabled first responders to administer appropriate
medical treatment to the affected individuals, effectively reducing the potential for
mass casualties.

3.3.2. Evaluation of Effectiveness and Cost-Efficiency

Effectiveness: The effectiveness of the EU-SENSE system is evident in its capacity
to provide rapid and accurate detection of a wide range of CBRN agents. The
advanced sensors and analytical capabilities of the system, as demonstrated in
the case studies, enable authorities to make informed decisions quickly, which
is crucial in emergency situations (Tomassoni et al., 2015; Ganesan et al., 2010;
Mlsna & Cemalovic, 2006; Charles et al., 2020). The integration of the EU-SENSE
system with existing emergency response protocols enhances overall situational
awareness and response efficiency.
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Cost-Efficiency: Assessing the cost-efficiency of the EU-SENSE system involves
considering the expenses associated with its implementation and maintenance
against the potential costs of CBRN incidents. While the initial investment in such
a sophisticated system may be significant, the potential savings in terms of lives
protected, health care costs avoided and environmental damage averted are clearly
substantial. Moreover, the modular design and scalability of the system mean that
it can be tailored to specific needs and environments, making it a cost-effective
solution for a wide range of applications.

In conclusion, the EU-SENSE system, through its advanced technological
capabilities and flexible operational design, has proven to be an effective and cost-
efficient tool in enhancing national security. The case studies illustrate its practical
applications in real-world scenarios, highlighting its impact on mitigating the
risks associated with CBRN threats. The ability of the system to provide timely
and accurate information is not only crucial in crisis situations but also represents
a cost-effective investment in public safety and national security.

3.4. Impact of EU-SENSE on Future National Security Concepts

3.4.1. Influence of EU-SENSE on the Development of Strategies and Policies
in National Security

The introduction of the EU-SENSE system has significant implications for the
evolution of national security strategies and policies. Its advanced capabilities in
detecting and managing CBRN threats necessitate a re-evaluation and adaptation
of existing security protocols and emergency response plans.

One of the key impacts of the EU-SENSE system is its emphasis on proactive
rather than reactive strategies. Traditional security measures often focus on
responding to threats after they have occurred. In contrast, EU-SENSE enables
authorities to detect and analyse threats in real-time (Szklarski, 2021), allowing
for pre-emptive action to mitigate risks before they escalate into full-blown crises.
This shift towards a more anticipatory approach in security planning represents
a fundamental change in how threats are managed and resources are allocated.

The EU-SENSE system also encourages greater collaboration and coordination
among different national and international security agencies. The ability of the system
to share real-time data and insights across various platforms enhances the collective
capacity to respond to CBRN threats effectively. This interconnected approach is
crucial in addressing the transnational nature of modern security challenges.

3.4.2. Comparison with Other Existing Systems and Technologies

When comparing EU-SENSE with other existing CBRN detection and management
systems, several key distinctions emerge. First, the scope and sensitivity of sensor
technology of EU-SENSE surpass many current systems. Its ability to detect
a wide array of chemical agents at lower concentration levels provides a more
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comprehensive coverage and early warning capability (Tomassoni et al., 2015;
Ganesan et al., 2010; Mlsna & Cemalovic, 2006).

Another significant advantage of EU-SENSE is its integration of data analytics
and machine learning. While some existing systems may incorporate advanced
detection technologies, EU-SENSE's use of sophisticated algorithms to analyse and
interpret sensor data sets it apart. This feature not only enhances the accuracy of
threat identification but also aids in predicting potential spread and impact, which is
critical for efficient emergency response and resource allocation (Charles et al., 2020).

Moreover, the modular and scalable nature of EU-SENSE allows customized
deployment based on specific operational needs and threat landscapes. This
flexibility is not always present in other systems, which may be designed with
a one-size-fits-all approach, limiting their applicability in diverse scenarios.

In summary, the EU-SENSE system represents a significant advancement in the
field of national security. Its influence on the development of proactive strategies
and policies, along with its technological superiority over existing systems,
positions EU-SENSE as a pivotal model for future advancements in national
security infrastructure. The system’s comprehensive approach to CBRN threat
detection and management not only enhances immediate response capabilities but
also sets a new standard for future security systems and technologies.

3.5. Challenges and Opportunities for EU-SENSE

3.5.1. Technological, Operational and Policy Challenges

The EU-SENSE system, while innovative, faces several challenges that need to
be addressed to maximize its effectiveness and integration into national security
frameworks.

Technological Challenges: The advanced technology underpinning the EU-
-SENSE system also brings certain challenges, particularly in terms of maintenance
and upgrades. The system relies on cutting-edge sensors and data processing
technologies that require continuous updates and refinements to stay effective
against evolving CBRN threats (Radonovich, 2009; Webber et al., 2005). Ensuring
the compatibility of the system with emerging technologies and its ability to adapt
to new types of chemical agents remains a constant challenge.

Operational Challenges: On the operational front, the deployment and
integration of the EU-SENSE system into existing emergency response protocols
can prove to be complex. The system must be compatible with various national
and international security infrastructures, requiring extensive coordination and
training for personnel (Gawlik-Kobylinska et al., 2021; NATO Advanced Research
Workshop, 2009; Szklarski et al., 2020; Chan et al., 2004; Gikiewicz & Koziot, 2022;
Gawlik-Kobylinska et al., 2021). Additionally, the effectiveness of the system in
different environmental conditions and terrains needs to be thoroughly tested and
optimized.
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Policy Challenges: Policy-wise, the implementation of EU-SENSE poses
challenges in terms of privacy and data protection. The extensive data collection
and sharing capabilities of the system raise concerns about the handling and
security of sensitive information (Levy & Bissell, 2013; Szklarski, 2024b; National
Research Council, 2010). Establishing clear guidelines and regulations that balance
security needs with privacy rights is crucial.

3.5.2. Opportunities for Further Development and Adaptation of the System

Despite these challenges, EU-SENSE presents significant opportunities for
advancement and adaptation.

Integration with Emerging Technologies: There is vast potential in integrating
EU-SENSE with emerging technologies such as artificial intelligence (AI) and the
Internet of Things (IoT). Al can enhance the data analysis capabilities of the system,
providing more accurate predictions and faster decision-making (Radonovich et
al., 2009; Herrmann, 2011). IoT integration could expand the sensor network,
increasing coverage and data collection efficiency.

Customization and Scalability: The modular design of the EU-SENSE system
allows customization and scalability, making it suitable for various operational
scenarios, from urban centres to conflict zones. This flexibility ensures that the
system can be adapted to meet specific security needs and threat profiles (Sparks,
2012; Toader, 2021).

Cross-Sector Applications: The potential applications of EU-SENSE extend
beyond traditional national security domains. Its capabilities can be beneficial
in environmental monitoring, industrial safety and disaster response, providing
opportunities for cross-sector collaboration and innovation (Koziot et al., 2021;
Pitz et al., 2015; Das & Thomas, 2022).

Figure 2. (Opportunities for Further Development) Further Utilization of EU-SENSE:
Installation of a Sensor Node Combining IMS and FPD Technologies on an Unmanned
Ground Vehicle (UGV)
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International Collaboration and Standardization: The development and
implementation of EU-SENSE can foster international collaboration, contributing
to the standardization of CBRN threat detection and response protocols. Sharing
knowledge and best practices can enhance global security and resilience against
CBRN threats (NATO Advanced Research Workshop, 2009; Chakalian, 2019).

In conclusion, while EU-SENSE faces several challenges, it also opens up
numerous opportunities for technological innovation, operational enhancement
and policy development. The system’s adaptability and potential for integration with
emerging technologies position it as a crucial tool in shaping the future landscape
of national and international security. The success and innovation of the EU-SENSE
system have been a catalyst for other significant CBRN research projects:

EU-RADION Project: Focused on radiological and nuclear threats, EU-
-RADION aims to enhance situational awareness and decision-making in
radiological and nuclear emergency scenarios. Building on the EU-SENSE
framework, this project integrates advanced sensing technologies, Al and data
analytics to improve detection and management of radiological threats (Szklarski
et al., 2023; Szklarski, 2024a).

CHIMERA Project: CHIMERA is an ambitious project that aims to develop
a comprehensive system for chemical and biological threat detection. Leveraging the
principles and technologies of EU-SENSE, CHIMERA incorporates advanced sensors
and Al algorithms to provide real-time, accurate detection and analysis of chemical
and biological agents (Gromek & Szklarski, 2023; https://project-chimera.eu/).

The advancements in multisensor chemical detection in civilian environments
of the EU-SENSE project have been instrumental in adapting similar technologies
for military needs in the WINLAS project (Kaniewski, et al. 2023). The experience
gained in detecting a range of chemical agents using multisensor approaches in urban
and varied civilian settings has provided valuable insights for military applications.
WINLAS leverages this knowledge to develop robust chemical detection systems
tailored for the complexities of military operational environments. This adaptation
involves enhancing sensor durability, improving detection capabilities in diverse
conditions and integrating with military communication and information systems. The
transition from civilian to military applications illustrates the versatility and scalability
of the multisensor chemical detection technologies pioneered by EU-SENSE.

3.6. Future Development and Innovations in National Security Systems

3.6.1. How EU-SENSE Could Shape Future Innovations in National Security

The EU-SENSE system, with its advanced technological framework and operatio-
nal capabilities, is poised to significantly influence the trajectory of future innova-
tions in national security. Its comprehensive approach to CBRN threat detection
and management serves as a model for integrating new technologies and metho-
dologies into security infrastructures.
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Integrating Advanced Technologies: Integration of sensor technology, data
analytics, and machine learning of EU-SENSE paves the way for the adoption
of these advanced technologies in broader security applications. Future systems
may leverage similar integration to enhance their threat detection and response
capabilities, employing Al for predictive analytics and decision-making support
(Radonovich et al., 2009; Herrmann, 2011).

Enhancing Interoperability and Collaboration: EU-SENSE underscores the
importance of interoperability and collaborative frameworks in national security.
Future systems are likely to follow this paradigm, focusing on seamless integration with
existing infrastructure and international security networks. This approach facilitates
coordinated responses to global threats and promotes the sharing of intelligence and
resources (NATO Advanced Research Workshop, 2009; Chan et al., 2004).

3.6.2. Potential Directions for Research and Development

The development of systems like EU-SENSE opens several avenues for research
and innovation in national security:

Development of Next-Generation Sensors: Research can focus on developing
more sophisticated sensors with enhanced capabilities to detect a broader range of
CBRN agents, including emerging and novel threats. Efforts may also be directed
toward miniaturization and increased sensitivity of sensors (Mlsna & Cemalovic,
2006; Charles et al., 2020).

Improving Data Processing and Analysis: There is a potential for significant
advancements in the area of data processing and analytics. Research can explore
the use of more powerful Al algorithms and big data techniques to process the vast
amounts of data collected by security systems, enhancing accuracy and speed in
threat identification (Radonovich et al., 2009; Herrmann, 2011).

Enhancing Cybersecurity Measures: As reliance on technology increases, so
does the risk of cyber threats. Research into advanced cybersecurity measures to
protect national security systems from cyber-attacks and data breaches will be
critical (Levy & Bissell, 2013; National Research Council, 2009).

Exploring New Applications and Integration: Research can also focus on
exploring new applications of technology in security, such as the integration of
EU-SENSE-like systems with urban infrastructure for smart city applications, or
its use in environmental monitoring and disaster response (Pitz et al., 2015; Das &
Thomas, 2022).

Standardization and Policy Development: Another important area for
research involves the development of standardized protocols and policies for the
deployment and operation of advanced security systems. This includes addressing
legal, ethical, and privacy concerns related to the use of such technology (Sparks,
2012; Chakalian, 2019).

In conclusion, the EU-SENSE system not only represents a significant
advancement in current security capabilities but also lays the groundwork for
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future innovations in national security. The potential directions for research
and development highlighted by capabilities of EU-SENSE are vast, offering
opportunities for significant advancements in how nations prepare for and respond
to CBRN threats.

4. Conclusions

The EU-SENSE system, as a comprehensive solution for CBRN threat detection and
management, marks a significant step forward in national security technology. Its
ability to provide rapid and accurate detection of various CBRN agents, combined
with advanced data analytics, positions it as a pioneering model in the security sector.

The real-world applications of the system, from responding to industrial
chemical leaks to managing urban terrorist attacks, demonstrate its practicality
and effectiveness. Its comparative advantage over existing systems lies in its
enhanced sensor technology, data processing capabilities, and adaptability to
different operational needs.

However, the implementation of EU-SENSE is not without challenges.
Technological advancements necessitate continuous updates, operational
integration requires coordination with existing security frameworks, and policy
development must address data privacy concerns.

Looking forward, EU-SENSE opens new avenues for innovation in national
security. The integration of Al and IoT, customization and scalability of the
system, cross-sector applications and international collaboration are areas ripe for
exploration and development.

Answer to the main research question: “How does the EU-SENSE system,
through its innovative approach in CBRN threat detection and management,
contribute to the evolution of national security strategies, and what are the
potential impacts on future developments in this field?”

The EU-SENSE system, through its innovative approach in CBRN threat
detection and management, contributes significantly to the evolution of national
security strategies. It shifts the focus from reactive to proactive measures,
enhancing the ability to anticipate and mitigate CBRN threats before they escalate.
The system’s advanced sensor technology and data analytics capabilities provide
a more nuanced understanding of CBRN environments, enabling more informed
and timely decision-making.

The potential impacts on future developments in the field are multifaceted. EU-
-SENSE sets a new benchmark for technological integration in security systems,
paving the way for future innovations that could further enhance threat detection
and management capabilities. It also fosters a collaborative approach to security,
highlighting the need for international cooperation in addressing global CBRN
threats. In essence, EU-SENSE not only enhances current security protocols but
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also inspires a new generation of technologies and strategies in the ever-evolving
landscape of national security.

EU-SENSE Project Financing:

Funding Details: The EU-SENSE project received a grant totalling EUR 3,428,100,
awarded in May 2018.

Funding Agency: The project was funded under the European Commission’s
program “Secure societies — Protecting freedom and security of Europe and its
citizens”.

Grant Reference: 787031.
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