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Abstract. The Biothreat Early Assist and Response Command System (BEAR-CS) is an advanced technological
solution developed to address modern military challenges associated with biological threats. The system is primarily
designed to detect hazardous biological agents such as viruses, bacteria, and airborne toxins before military personnel
are deployed into potentially contaminated environments. BEAR-CS operates through a network of unmanned aerial
vehicles (UAVs) equipped with specialized sensors and detectors, capable of conducting real-time environmental scans.
These UAVss transmit live data directly to command posts, including the Tactical Operations Center (TOC) and Command
Post (CP), ensuring timely situational awareness and decision-making.

One of the most significant advantages of BEAR-CS is its ability to enhance the safety of soldiers by preventing
unnecessary exposure to biological hazards. In addition to early threat detection, the system includes support
technologies such as digital radios, field triage tools, and compact toxic substance detectors, all of which contribute to
a more informed and prepared response by ground forces. The integration of this system into military operations ensures
not only quicker reaction times but also increased efficiency during mission planning and execution.

BEAR-CS stands out due to its ability to operate autonomously in high-risk zones, reducing the need for human
reconnaissance in dangerous settings. Compared to traditional methods of threat detection, BEAR-CS offers superior
speed, data accuracy, and coverage. This paper provides a comparative overview of existing biological threat detection
systems and demonstrates the enhanced capabilities and future potential of BEAR-CS in both tactical and strategic
military frameworks. The system represents a significant step forward in ensuring operational safety and adapting to the
complex threat landscape of modern warfare.

Anomayin. Cucmema panHb020 GuAGleHHA ma peazyéanua Ha Oionoziuni sazposu (BEAR-CS) € nepedosum
MEXHON0IUHUM PIUEHHSM, PO3POOIEHUM O/ eDEeKMUEHO20 NPOMUCTOSIHHS CYYACHUM BUKIUKAM Y chepi 8IlcbKogol
bezneku, nog’azanum iz dionoziunumu 3azpozamu. OCHOBHOIO MEMOoI0 CUCMeMU € BUABLEHHA Hebe3neuHUux 0i0N02IYHUX
azenmis — 8ipycig, bakxmepiil, MOKCUYHUX PeHO8UH — e 00 Mo2o, AK BillCbKO8I niopo30inu yeitioyms y NOMEeHYIlHO
sapaxceny 30Hy. BEAR-CS npaytoe uepes wmepedxcy 6esninomuux naimansnux anapamis (BIIJ/IA), ochawenux
CReYianbHUMU CeHCopamu ma OemeKmopamu, 30amHuMuy 30ilCHIOBAMU CKAHYBAHHS HABKOIUWHBO20 Cepedosuyd 6
pedicumi peanrvHoeo yacy. Ompumani 0aHi MUMMEBO nepedaiomvpcs 00 KOMaHOHux yenmpie — Llenmpy maxmuunux
onepayiti (TOC) ma Komanonozo nynkmy (CP), wo 00380151 onepamueHo APULMamu pilleHHs ma 3a0e3nevysamu
NOMOYHY CUMyayitiHy 0Oi3HAHICMb.

Oonicio 3 kmouosux nepesaz BEAR-CS € 3nudicenusi pusuxy O0asi 0c0008020 CKIAOY WINAXOM 3anobieamnHs
be3nocepeOHboMy KOHMAaKkmy 3 nebesneyHumu oOionoziunumu azenmamu. OKpim GUAGIEHHS 342p03, CUCTNEMA GKIIOUAE
00noMidCHT mexHon02li: yudposi padiocmanyii, iHcmpymeHmu 0151 MEOUYHO20 COPMYBAHHSA (MPUAXiCy) ma KOMNAKMHI
Oemexkmopu OmpyUHUX pewo8uH, Wo 00380AI0Mb NIOPO30inam diamu OilbuL 31a200%ceH0 ma egexkmugHo. Inmeepayis
BEAR-CS y siiicbkosi onepayii nioguwye He auule pigeHb be3neku, aie U ONepamueHicmv NPULHAMMA piuleHb ma
3a2a1bHYy eeKmueHicms Ni020Mo8KU i BUKOHAHHS O00BUX 3080aHD.

BEAR-CS supizusicmbcst €80€10 a8MOHOMHOIO 30AMHICMIO Oiimu 8 YMOBAX BUCOKO20 PUBUKY, WO 3HAYHO 3MEHULYE
HeobxiOHicmb y GIONpasienHi model Ha POo36IiOKY Y Hebe3neuHi patuonu. Y NopieHAHHI 3 MPAOUYIIHUMU MemOOaMU
6UABNIEHHST DIONIOZIYHUX 3A2PO3, CUCIEMA OEMOHCIPYE GUWLY WEUOKICNb peazy8ants, MOYHICMb OAHUX | po3uiupene
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oxonnenns. La anomayis nopienioc BEAR-CS 3 icuyrouumu cucmemamu, suceimaionyu ii nepeeazu ma nomenyian os
NOOANLULO20 PO3GUMKY Y MAKMUYHOMY MA CMpAmeiuHoMy KOHmeKcmi cyuachozo eiticoka. BEAR-CS e eadciusum
KPOKOM Y HANPSAMKY NOCULeHHS Oe3neKu 8IliCbKo8UX onepayii ma adanmayii 00 CKAadHoi cCmpyKmypu 3a2po3 cb0200eHHS.
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Kurouosi caoBa: BEAR-CS, cuctema kepyBaHHS ApoHaMu, OI0JIOTiYHI 3arpo3u, IETEKTOPH OTPYHHHX PEYOBHH,
BiliCEKOBOCITYK0O0BIIi, apMist

I. INTRODUCTION

Biological threats, such as the release of harmful pathogens, toxins, and hazardous materials, are becoming an
increasingly serious issue in both military and civilian settings. As warfare becomes more complex, biothreats have
emerged as a major risk for soldiers working in fast-paced and often dangerous environments. While traditional biothreat
detection systems are important, they tend to be reactive and hindered by slow detection times, often limited to fixed
locations or crowded areas. These drawbacks create significant risks, particularly in contemporary military operations
where quick mobility, real-time intelligence, and proactive measures are essential for success. The Biothreat Early Assist
and Response Command System (BEAR-CS) is specifically designed to tackle these challenges directly. It combines
advanced drone technology, real-time biothreat sensors, and military communication systems into a unified, proactive
framework that guarantees early detection and real-time situational awareness of biological hazards in operational areas.
By utilizing drones equipped with cutting-edge sensors, BEAR-CS facilitates the immediate identification of biothreats,
providing essential data straight to Tactical Operating Centers (TOCs) and Command Posts (CPs). This proactive
capability supports timely decision-making, allowing soldiers to avoid or reduce exposure to biological threats before
they enter high-risk zones. In addition, BEAR-CS aims to improve the overall operational efficiency of military personnel.
Soldiers are outfitted with digital radios, digital triage tools, poison detection devices, and decontamination equipment,
all seamlessly integrated into their uniforms. This not only enhances their personal safety but also enables coordinated
responses to biological threats in real time. By overcoming the shortcomings of traditional systems, BEAR-CS marks the
beginning of a new era in biothreat detection and response, ensuring that military operations remain agile, informed, and
prepared to counter threats before they escalate. As biothreats grow increasingly sophisticated and widespread, the
demand for systems capable of preemptively detecting and responding to these threats is more crucial than ever. BEAR-
CS serves not just as a solution for current challenges but also as a system that will adapt alongside future technological
advancements, ensuring long-term security and efficiency for military operations in hostile and unpredictable
environments.

II. LITERATURE REVIEW

The Incident Command System (ICS), Bio surveillance Systems by DHS, and Incident Command for Emergency
Medical Services (ICS for EMS) are established frameworks aimed at detecting, managing, and responding to threats and
emergencies [1], [2], [3]. These systems play a vital role in areas like disaster management, bioterrorism detection, and
emergency medical services. Although each system has demonstrated its effectiveness in different fields, they vary in
their primary goals, technologies, and areas of application [4], [5], [6].

The Incident Command System (ICS) for Emergency Medical Services highlights the importance of a well-organized
response to emergencies, with defined roles and responsibilities. It is designed to be adaptable and flexible, suitable for
various incident types [1], [2], [3]. In contrast, the BEAR-CS system enhances this approach by prioritizing pre-incident
detection instead of just post-incident management. It incorporates autonomous drones to spot biothreats before they can
affect humans. While ICS is centered on responding to incidents, BEAR-CS broadens the detection timeline, providing
real-time identification and mitigation of threats in high-risk areas [1], [2], [3].

ICS is a standardized emergency management system designed to handle all types of hazards, serving as the foundation
for coordinated emergency responses across the United States for many years. Originally created in the 1970s to address
large-scale firefighting efforts in California, ICS has grown into a versatile and interdisciplinary system that can
effectively manage incidents of different complexities, from natural disasters to terrorist threats [4].

The key features of ICS include:
¢ Flexibility: ICS can adjust its scale based on the size and nature of the incident. This adaptability makes it suitable for
both small operations, like search and rescue missions, and larger emergencies such as wildfire or disease outbreaks.
¢ (Clear Command Structure: ICS creates a clear hierarchy of roles and responsibilities, which helps ensure that decision-
making is efficient and that all personnel understand their specific duties.
® Coordination Across Agencies: The system promotes collaboration among local, state, and federal agencies, which is
essential for managing incidents that span multiple jurisdictions [1], [4], [5], [6].

The ICS for EMS (Emergency Medical Services) builds on the general ICS framework, specifically addressing the
management of multi-casualty incidents (MCI). It brings together emergency responders, medical personnel, and
resources to effectively manage significant medical emergencies [7], [8]. ICS for EMS focuses on:

¢ Standardized Procedures: Incident management procedures are standardized, ensuring that all responders know their
roles and responsibilities during an MCI [9], [10].

e Resource Allocation: The ICS framework allows for the organized distribution of medical resources and personnel to
meet the needs of the affected population promptly.

¢ Accountability and Safety: ICS ensures that safety protocols are established, particularly in hazardous situations like
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chemical spills or bioterrorism incidents [10], [11], [12].

While the Incident Command System (ICS) is known for its adaptability and strength in handling emergencies, it
typically operates in a reactive manner. The system activates after an incident has taken place, concentrating on reducing
the impact of disaster or emergency. This reactive strategy differs from the BEAR-CS system, which aims to be proactive
by identifying biothreats before they can inflict damage on soldiers or civilians [8], [9], [10], [12].

DHS Bio surveillance Systems, including the BioWatch and BD21, are designed to detect bioaerosols but typically
have a latency of 12 to 36 hours, often necessitating manual filter collection [13], [14], [15], [16], [17]. The BEAR-CS
system improves upon this by using drones with real-time sensors, which deliver immediate data to command centers.
This quick detection capability significantly shortens response times, making operations more efficient compared to
traditional systems that depend on lengthy collection and analysis processes [13], [14], [15], [16].

The Department of Homeland Security’s (DHS) Bio surveillance Systems, particularly BioWatch and its successor
project BD21, are designed to identify biological threats like viruses or bioaerosols that may arise from bioterrorism or
natural pandemics [14], [15], [16]. These systems are vital for national security, offering early warnings of airborne
biological dangers in urban settings. BioWatch: Launched in 2003, BioWatch is a federally managed air-monitoring
system that identifies harmful biological agents in more than 30 major metropolitan areas across the U.S. This system is
crucial for safeguarding public health by enabling early detection of airborne biological threats. Limitations: Despite its
achievements, BioWatch has significant limitations, mainly its lengthy detection timeline of 12 to 36 hours. The system
depends on personnel collecting air filters, which are then analyzed in a laboratory. This procedure creates a delay that
diminishes its effectiveness in preventing exposure. BD21 (Biological Detection for the 21st Century): To overcome the
limitations of BioWatch, DHS launched BD21, a next generation bio surveillance system. BD21 marks a significant
advancement by incorporating anomaly detection sensors and data analytics for continuous real-time monitoring of
airborne threats [13], [14], [15], [16], [17]. Key enhancements in BD21 include:

e Real-time Monitoring: BD21 employs autonomous sensors and data analytics to identify anomalies in real-time,
aiming to shorten the response time to mere minutes instead of hours [13], [14], [15].

* Onsite Screening: BD21 facilitates field screening of biological threats, empowering local authorities to act swiftly in
the event of a bioterrorism incident [16], [17].

® Operational Focus: Initially, BD21 targets indoor environments, such as airports and urban centers, where population
density is highest. However, DHS intends to broaden this system to encompass outdoor environments, further enhancing
its capabilities [17].

While BD21 marks a notable technological leap from BioWatch, its emphasis on densely populated indoor spaces
restricts its use in military field operations, which is the primary focus of BEAR-CS. The BEAR-CS system, on the other
hand, offers immediate responses by utilizing drones to identify biothreats and provide real-time information to Tactical
Operating Centers (TOCs) and Command Posts during military missions. Furthermore, BD21’s deployment approach
relies on fixed infrastructure in urban areas, making it less flexible for combat or tactical operations in changing, open
environments [13], [14], [15].

Bio surveillance for Weapons of Mass Destruction (CWMD) aims to identify and mitigate biological threats using
cutting-edge detection technologies. It emphasizes the significance of early detection and making informed decisions
based on data [13], [14], [15], [16], [17]. BEAR-CS supports these objectives by employing a network of drones and
sensors that continuously monitor areas, providing earlier detection capabilities compared to current systems. The
Countering Weapons of Mass Destruction (CWMD) office at DHS is dedicated to addressing biological threats, especially
those related to weapons of mass destruction (WMD). The CWMD framework emphasizes the creation of technologies
aimed at the early detection and response to biological threats, frequently collaborating with the Department of Defense
(DoD) [16], [17]. CWMD’s Bio surveillance Focus:

e Detection of Biothreats: CWMD prioritizes the early identification of biological agents by utilizing autonomous
detection technologies and algorithms designed to spot anomalies [13], [14], [15].

¢ Anomaly Detection Sensors: Similar to BD21, CWMD’s bio surveillance system is centered on ongoing monitoring
and employs anomaly detection algorithms to identify potential biological threats in real-time. These systems aim to
enhance both the accuracy and speed of biothreat detection [15], [16], [17].

Challenges in CWMD Framework: Although CWMD’s systems are quite effective at detecting large-scale biothreats in
urban and critical settings, they encounter several challenges, including:

¢ False Positives: Anomaly detection systems can produce false positives, necessitating additional verification, which
may delay response efforts [13], [14], [15].

® Privacy Concerns: The detection systems used by CWMD often function in densely populated areas, raising privacy
issues due to the ongoing monitoring and data collection needed for anomaly detection [16], [17].

The BEAR-CS system tackles several of these challenges by emphasizing accuracy in detecting biological threats
within military settings. By utilizing drones for precise data collection, it minimizes the chances of false positives, and
its military orientation sidesteps the privacy concerns that often accompany civilian bio surveillance systems [13], [15],
[17].
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ITII. COMPARISON OF BEAR-CS WITH PROPOSED SYSTEMS AND FRAMEWORKS

Educational The Biothreat Early Assist and Response Command System (BEAR-CS) can be analyzed alongside the
systems and frameworks presented in the three papers, focusing on their essential functions, areas of application, and
response strategies. The following comparison outlines the distinctive features of BEAR-CS, illustrating how it enhances
current systems, along with a perspective on its potential future developments.

Table 1 — Comparison of BEAR-CS vs ICS, BD21 and CWMD Systems

Feature BEAR-CS ICS for EMS BD21 (DHS CWMD Framework
Biosurveillance)
Primary Pre-emptive detection of Incident command and Detect bioaerosol threats | Countering biological
Objective biothreats in military emergency management in densely populated threats, specifically

operations using drones,
enhancing situational
awareness and response
effectiveness.

for various situations,
including multi-casualty
and natural disasters.

areas using sensors with a
12-36-hour detection
window.

Weapons of Mass
Destruction (WMD),
with early detection

systems.

Response Time

Instantaneous detection
via drone-based sensor
networks, reporting in real
time to Tactical Operating
Centers.

Delayed response
initiated after incident
onset, depending on the
nature of the event and
command establishment.

Lengthy detection time of
12-36 hours due to
manual collection and
analysis of filters.

Enhanced detection
for early threat
identification using
anomaly-based
sensors and
algorithms.

Deployment Outdoor and indoor Focused on managing Primarily deployed in Outdoor and indoor
Area monitoring in field incidents in predefined large, densely populated biodetection with
operations with real-time areas (e.g., disaster indoor environments emphasis on urban
communication to Tactical | zones, EMS operations). | (e.g., airports, terminals). areas and large-scale
Operating Centers and WMD threats.
Command Posts.
Technological Drones, real-time sensors, Communication tools, Autonomous biosensors Use of biological
Integration digital radios, triage tools, command and control for anomaly detection, detection sensors,
poison detection gadgets, software, and tactical integrated with data algorithms for
and decontamination Kits responders. analytics platforms for anomaly detection,
integrated with soldier early detection. and portable field-
systems. screening devices.
Focus on Directly enhances soldier | Focused on post-incident Indirectly influences Focuses on public
Soldier Safety safety through preemptive | management rather than civilian safety by health and large-scale
detection, real-time pre-incident detection. detecting airborne emergency responders
updates, and integration biological agents in rather than individual
with uniform-based digital public spaces. soldier safety.
tools.
Information Real-time data from Information flows from Anomaly detection Continuous
Flow drones to Tactical the incident scene to the sensors transmit data to monitoring and
Operating Centers and command via responders centralized monitoring detection with an aim
Command Posts, and reporting systems, which then alert to alert authorities in
providing immediate mechanisms. relevant authorities. minutes, compared to
situational awareness. hours in traditional
systems.
Adaptability Adaptable to various Highly flexible in terms Primarily designed for Flexible for both
and Flexibility environments (urban, of interdisciplinary fixed installations in indoor and outdoor
rural, high-risk combat usage across different high-traffic areas, less scenarios but focused
zones) and scalable based emergency scenarios. adaptable to open on large-scale
on mission requirements. battlefields. emergencies rather
than tactical military
operations.
Innovation Combines UAV (drone) Leverages years of Integrates advanced New detection
technology with biothreat incident command anomaly detection algorithms and
sensors and modern knowledge but lacks a technologies but suffers | continuous monitoring
communication tools in a pre-incident detection from long response times but focused on
seamless operational capability. and deployment biothreats in densely
framework. limitations. populated areas.
Feature BEAR-CS ICS for EMS BD21 (DHS CWMD Framework
Biosurveillance)
Primary Pre-emptive detection of Incident command and Detect bioaerosol threats | Countering biological
Objective biothreats in military emergency management in densely populated

operations using drones,
enhancing situational
awareness and response
effectiveness.

for various situations,
including multi-casualty
and natural disasters.

areas using sensors with a
12-36-hour detection
window.

threats, specifically
Weapons of Mass
Destruction (WMD),
with early detection
systems.
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IV. EFFECTIVENESS COMPARISON OF BEAR-CS WITH THE PROPOSED SYSTEMS
The effectiveness of the Biothreat Early Assist and Response Command System (BEAR-CS) can be assessed in
relation to the systems outlined in the documents provided, with a particular emphasis on response time, operational

flexibility, scalability, situational awareness, and information accuracy. Below is a comprehensive comparison of how

BEAR-CS measures up against the ICS for EMS, BD21, and CWMD frameworks discussed in the papers.

Table 2 — Effectiveness Comparison of BEAR-CS with the Proposed Systems

Effectiveness

BD21 (DHS

Response Time

using drones with real-
time data sent to Tactical
Operating Centers

Initiates after an
incident occurs;
response is structured

Effectiveness: Lengthy
detection timeline of
12-36 hours due to manual
filter collection and

o . BEAR-CS ICS for EMS . . CWMD Framework
Criteria Biosurveillance)
Highly Effective: ; .
Instantaneous detection Moderately Effective: Low to Moderate Moderate Effectiveness:

Anomaly-based sensors
provide early detection
but still face operational

limitations in terms of

(TOCs) and Command but not pre-emptive. . .
Posts analysis. rapid response.
Very Flexible: Adaptable Moderately Flexible: Limited Flexibility: Moderately Flexible:

to any terrain (urban,

Flexible in adapting to

Focuses on densely

Designed for large-scale

false positives and
negatives.

and flow, which may
delay or limit response
capabilities.

detection systems and
manual verification.

Operational rural, combat zones) and | various incident types populated indoor areas, emergencies, primarily
Flexibility various threat levels, (natural disasters, with limited adaptability to in urban settings, but
integrates with soldier mass casualties) but outdoor or military adaptable for wide-area
gear, and scales easily. reactive in nature. settings. detection.
Highly Scalable: Can be Low Scalability: Limited
deployed at different . Moderately Scalable:
) Moderately Scalable: | to large, densely populated .
scales—small units for i S Designed to scale for
. . Scales within the areas with high .
- tactical missions, large . ) large emergencies but
Scalability structure of emergency infrastructure needs; .
networks for full-scale . . . would need considerable
. services, but tied to expanding coverage
operations. Drones can be . . . resources to cover broad
. post-incident response. requires significant .
increased based on the investment geographical areas.
area of operation. i
nghly Effectlye: Moderately Effective: . Moderately Effective:
Provides real-time . . Moderate Effectiveness: .
o Provides post-incident . Early detection systems
. . situational data to L. Provides data after a .
Situational data, which is . S improve awareness, but
command centers, . significant delay, limiting . .
Awareness . . L effective for structured . operational data still
improving the decision- the ability to act on
. response but lacks pre- . : . needs to be processed
making process before e biothreats immediately. -
soldiers are deployed. incident awareness. and verified.
Highly Accurate: Utilizes ﬁ?ggﬁgg}?ggﬁgf Moderate to Low Moderately Accurate:
advanced sensors in real- depends on the Y Accuracy: Has issues with Based on anomaly
Information time with immediate comrIr)l and structure false positives due to the detection but has room
Accuracy feedback loops, reducing complexity of biological for improvement,

particularly in managing
false positives.

Proactive vs.

Proactive: BEAR-CS
focuses on pre-emptive
detection of biothreats,

Reactive: ICS initiates
action only after an
incident has occurred,

Reactive: BD21's long
detection window limits its
ability to respond quickly

Proactive: CWMD
focuses on early
detection, but the
current system still faces

shelf drone and sensor
technologies.

response situations.

operational readiness.

Reactive allowing military units to | focusing on structured to biothreats, making it . .
. . delays in comprehensive
avoid hazardous zones emergency more reactive than . . .
. threat identification and
altogether. management. proactive.
response.
Low: Primarily
Yery ngh.' Integrg tes' designed for . . Low: Not specifically
. directly with soldiers emergency responders None: BD21 is designed . .

Integration . . . O S . designed for soldier

. . digital radios, triage tools, and post-incident for civilian environments . . .
with Soldier . . . X integration, though it

and poison detection management; not and not integrated with
Systems . . . . . . could be adapted for
devices, increasing field integrated with military personnel. e
. .- . military uses.
effectiveness. individual soldier
systems.

High Readiness: BEAR Mature: ICS has been | Low to Moderate: BD21 is Moderate Readmgss.

CS can be rapidly . s L CWMD technologies
Technology deploved with off-the implemented for still in the acquisition and are developine but not

Readiness P'oy decades in emergency | testing phase, with limited ping

fully matured for
widespread deployment.
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V. USEFULNESS OF THE SYSTEM

The priority in responding to biological threats is to engage them as early as possible before they affect a large
population on which they can have an impact and implicit human losses. This solution proposes Biothreat Early Assist
and Response Command System, which can manage a wide area, analyzing and identifying biological threats within it
through multiple early identification systems and state-of-the-art command and control tools. Features of BEAR-CS
include biothreat monitoring of a GIS-defined area of operations, detection and identification of threats, detailed threat
report, operational biothreat situational knowledge, and extensive hazard assessment in real-time. The implementation of
such a system is crucial for the results of the commands and units that operate in different conditions because it gives the
opportunity to the commanders to make the best decision to divert the biothreat in a timely manner. Furthermore, BEAR-
CS is fully mobile, which ensures that it can be rapidly deployed to any area of operations in quick succession and act as
a support element to the tactical units conducting operations in the area. Moreover, it conducts mapping of the risk areas,
and possible spread directions of the biothreat based on the data collected in real-time.

Command post [Tactical Operating Center

5-10k

,==,/

Unit 1

=P
e

i:l

Data Asalyis aad Mapping

Area of operations

30 - 40 km

repopfing on the situption

Tactical drone 1 g

Tactical drone 2
\onimring area

S

Fig. 1 — Biothreat Early Assist and Response Command System Scheme

Fig. 2 — The use of the Biothreat Early Assist and Response Command System in military operations
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VI. INNOVATIVENESS OF THE SYSTEM

The innovativeness of BEAR-CS will be the integration of machine learning, existing modern technologies, and tools
into a single interoperable entity capable of rapid deployment in case of a biothreat. The system consists of two key
functional elements including the early warning and surveillance element and the command-and-control element. The
first element is integrated into a mobile platform and consists of drones equipped with graphene optical sensors and
fluorescent optical and planner waveguide biosensors. Thus, the second element consists of command-and-control tools
combined with machine learning algorithms based on multiple linear regression for predicting and managing the biothreat.
The interoperability between the key elements of the system is detailed in the submitted Figures. The monitoring of the
terrain is done by micro air vehicles including drones and UAV's which are connected to a Ground Control Station within
the TOC. Furthermore, the results are sent to the analysis and control database which processes the data through multiple
linear regression machine learning algorithms for prediction. The results obtained are forwarded to the command-and-
control system which creates quick decisions and issues commands based on the data received from the data analysis and
mapping segments of the system. Once a decision has been reached, the command-and-control system automatically
reports to the command post which later informs and controls the unit’s operating in the field providing them with real-
time combat and biothreat support. Additionally, the units are equipped with digital radio devices and support gadgets,
which are used to communicate with the command post, and on the other side, they are also used to forward real-time
information to data analysis and mapping so that the dataset is improved with concrete information from the ground so
that the machine learning algorithms can have a higher rate of accuracy.

Fig. 3 - quipment of the soldiers.

Moreover, through specialized digital gadgets, tactical units can perform digital triage which consists of several factors
regarding the symptoms and severity of the biothreat, based on that triage CBRN units are appropriately allocated and
alerted for taking safety measures in zone decontamination. Additionally, through digital gadgets, they can immediately
access the results of the analysis and mapping system allowing them to make quick and independent military decisions if
the situation requires it.

VII. FEASIBILITY OF THE SYSTEM

The implementation of BEAR-CS in support of combat units does not require large financial investments and
maintenance, because the technologies proposed are already existing and only require proper integration. Results of
implementation of the system are positive for both military and civilian use because it increases the combat readiness of
commands and units, rapid response in various biothreat situations, allowing the units and commands to make real-time
decisions based on proper data with the support of artificial intelligence, state of the art technologies and tools.

VIIIL ISSUES TO SOLVE WITH THE IMPLEMENTATION OF THE SYSTEM

Biothreats inflict various environmental and health consequences in a short amount of time. Therefore, it is imperative
that they are confronted as early as possible and that during their confrontation all of the decisions are made carefully
with real-time data and highest possible accuracy. The Biothreat Early Assist and Response Command System (BEAR-
CS) tackles several pressing challenges in biothreat detection, military operations, and response strategies. These
challenges include:
¢ Delayed Detection of Biothreats Conventional systems often require considerable time to identify biological threats,
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which can lead to delayed responses. This delay may expose soldiers or civilians to harmful pathogens before adequate
precautions are implemented. BEAR-CS addresses this issue by utilizing real-time drone-based detection, which allows
for immediate identification of threats and direct transmission of information to Tactical Operating Centers. This
capability ensures early detection and quicker responses, minimizing unnecessary exposure.
e Lack of Preemptive Biothreat Management Many current systems are reactive, taking action only after a threat has
been identified or an incident has occurred. BEAR-CS counters this by offering a proactive biothreat detection system.
By recognizing potential threats before troops enter a specific area, it enables preemptive measures, such as rerouting
forces or initiating decontamination efforts prior to any exposure. This approach enhances operational safety and lowers
the risk of casualties.
¢ Inadequate Situational Awareness in Combat Zones In modern military operations, having real-time situational
awareness is essential. Without timely updates on potential biothreats, soldiers may encounter unnecessary dangers.
BEAR-CS offers real-time updates via a network of drones and sensors, ensuring that soldiers and commanders are
always informed about environmental hazards. This enhances tactical awareness, allowing for quicker and more informed
decision-making during missions.
¢ Inefficient Communication of Threat Data in existing systems, the transfer of threat information from detection tools
to command structures can be sluggish and susceptible to delays, particularly in large or complex operations. BEAR-CS
features instantaneous communication systems that relay detected threats directly to command posts and soldiers.
Utilizing digital radios and integrated communication devices guarantees that critical biothreat data is shared promptly,
improving response times.
¢ Limited Soldier Protection and Equipment Integration Current biothreat detection systems often lack direct integration
with soldier gear, which diminishes their effectiveness in the field. BEAR-CS tackles this issue by incorporating advanced
tools, such as digital triage systems, poison detection devices, and decontamination equipment, into soldier uniforms.
This integration provides soldiers with immediate access to protective measures and threat information, enhancing their
personal safety and mission effectiveness.
e Lack of Mobility in Biothreat Detection Systems Many conventional biothreat detection systems are stationary or
tailored for civilian settings, rendering them ineffective for fast-paced military operations. BEAR-CS is a mobile system
that employs drones for detection, allowing for deployment in urban, rural, or combat environments. This mobility
facilitates flexible and swift monitoring of extensive or hard-to-reach areas, making it exceptionally effective in
contemporary military contexts.
¢ Ineffective Threat Containment and Decontamination when a biothreat is identified, prompt containment and
decontamination measures are crucial to safeguarding personnel and halt the spread of dangerous agents. BEAR-CS is
equipped with decontamination tools that are readily available to soldiers, enabling them to neutralize threats and shield
themselves from exposure. This feature positions the system not just as a detection mechanism but also as a vital
countermeasure for managing identified threats.
e Overwhelmed Response Systems in Large-Scale Threats In scenarios where multiple or large-scale biothreats are
identified, traditional response systems can become inundated, resulting in inefficiencies in threat management. BEAR-
CS leverages advanced technologies to enhance threat detection and response, alleviating the strain on command centers
and optimizing resource distribution during extensive operations. By automating essential detection tasks and offering
real-time situational updates, it guarantees a more effective and coordinated response to biothreats.

IX. FUTURE POTENTIAL OF THE BEAR-CS SYSTEM

The future potential of the BEAR-CS system can be highlighted by looking at the current technological trends and the
emerging challenges in military operations and biothreat detection. Several changes and improvements could enhance
the effectiveness, adaptability, and scalability of BEAR-CS:
o Artificial Intelligence (AI) Integration:
o Current State: The BEAR-CS system employs drones for real-time detection and information transmission.
o Future Potential: By integrating Al for autonomous decision-making and real-time threat analysis, the efficiency of
biothreat detection could be significantly improved. Al could enable drones to make quicker assessments of threat levels,
prioritize alerts, and suggest optimal responses without needing human input.
¢ Enhanced Sensor Networks:
o Current State: The system employs various biothreat sensors mounted on drones.
o Future Potential: By incorporating additional sensors for chemical, radiological, and explosive detection, BEAR-CS
could become more adaptable. This enhancement would enable it to detect multiple types of threats, broadening its use
beyond just biothreats to address a wider array of dangers in complex settings like urban combat.
®* Wearable Technologies for Soldiers:
o Current State: BEAR-CS is already compatible with soldier uniforms, offering digital radios, triage tools, and poison
detection devices.
o Future Potential: Adding wearable health monitors and personalized environmental threat detectors could provide
soldiers with real-time information about their surroundings, including radiation levels or airborne pathogens.
Furthermore, integrating augmented reality (AR) systems could offer heads-up displays of the battlefield, allowing
soldiers to visualize threats identified by the drones in real-time.
* Network and Communication Enhancements:
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o Current State: BEAR-CS currently sends data to Tactical Operating Centers and Command Posts through digital
communication networks.
o Future Potential: The introduction of 5G technology could greatly enhance the speed and reliability of data
transmission, enabling real-time communication over long distances. Furthermore, the use of mesh networks with drones
could ensure communication remains intact in situations where traditional networks fail, such as during electronic warfare
or natural disasters.
¢ Collaboration with Other Systems:
o Current State: BEAR-CS is mainly a standalone system tailored for military operations.
o Future Potential: There is potential for BEAR-CS to connect with civilian bio surveillance systems like BD21,
facilitating data sharing between military and civilian agencies. This collaboration would promote a coordinated response
to biothreats and improve situational awareness in critical areas, such as borders or large urban environments.
® Miniaturization and Power Efficiency:
o Current State: Drones used in BEAR-CS face limitations due to battery life and payload capacity.
o Future Potential: Improvements in battery technology and the miniaturization of sensors could enable drones to
undertake longer missions and carry more advanced detection equipment. This would expand the coverage area of the
BEAR-CS system and lessen the frequency of drone returns for recharging.
* Integration with Autonomous Ground Vehicles (AGVs):
o Current State: BEAR-CS mainly depends on drones for aerial surveillance and detection.
o Future Potential: Incorporating autonomous ground vehicles equipped with similar sensor arrays could enhance aerial
monitoring. Ground-based systems could offer additional data points, particularly in urban or densely populated areas
where drones may encounter challenges.

X. CONCLUSIONS

The Biothreat Early Assist and Response Command System (BEAR-CS) marks a significant advancement in how
military forces identify and tackle biological threats. In contrast to traditional systems that tend to be slow, reactive, and
limited by geography, BEAR-CS offers a proactive and mobile approach. By utilizing cutting-edge drone technology
alongside real-time biothreat sensors, BEAR-CS ensures immediate detection and situational awareness, providing
military personnel with crucial information before they enter potentially dangerous areas. This capability is vital in
modern warfare, where timely and informed decisions can determine the success or failure of a mission. Moreover,
BEAR-CS extends beyond mere detection. Its integration with soldiers’ uniforms, which includes digital triage tools,
poison detection devices, and decontamination equipment, guarantees that soldiers have the essential resources to
neutralize threats and safeguard themselves in the field. This seamless integration boosts operational safety and efficiency,
allowing soldiers to concentrate on their mission without the constant worry of hidden biological risks. Looking ahead,
BEAR-CS is set to advance further by integrating artificial intelligence, improved sensor networks, and wearable
technology to enhance its effectiveness. The system's capacity to adapt to various mission types and environments makes
it a versatile and essential tool for military operations in response to increasing biothreats. As bioterrorism and other
biological risks continue to arise, BEAR-CS will remain a vital resource in protecting soldiers and ensuring the success
of military missions. BEAR-CS meets the urgent demand for swift, dependable, and proactive biothreat detection and
response in contemporary military settings. Its innovative design, seamless integration with soldier systems, and real-
time communication capabilities establish it as a next-generation solution that not only addresses today's challenges but
is also equipped to confront the evolving threats of the future.
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