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Abstract - The modernization of environmental security 
systems in the armed forces is a critical step toward 
ensuring operational safety under radiation and chemical 
threat conditions. This paper presents a framework for 
enhancing system efficiency through the integration of 
advanced technical means, including robotics, 
unmanned aerial vehicles (UAVs), distributed sensor 
networks, artificial intelligence (AI), and digital 
modeling technologies. The proposed methodology 
evaluates efficiency using a quantitative coefficient η = 
(A × R × C) / (Tr × E), which reflects improvements in 
accuracy, reliability, coverage, response time, and 
resource utilization. Results demonstrate that the 
introduction of these technologies increases overall 
system efficiency by 1.8–2.3 times compared to 
conventional approaches, reducing detection time by up 
to 50% and improving analytical accuracy by 
approximately 30%. The paper outlines an 
implementation roadmap that includes pilot testing, 
large-scale integration, and doctrinal adaptation. The 
findings confirm that innovation-driven modernization 
creates a more responsive, resilient, and data-driven 
environmental security system, capable of sustaining 
ecological and operational safety in both peacetime and 
combat environments. 
Keywords - environmental security, armed forces, 
radiation safety, chemical safety, robotics, UAV, AI, 
sensor networks, digital twins, efficiency. 

I.  INTRODUCTION 
Modern military operations increasingly intersect 

with environmental risks, where radiation and chemical 
threats remain among the most dangerous due to their 
persistence, invisibility, and potential to spread over 
wide areas. Ensuring environmental security in the 
armed forces has therefore become not only an 
ecological task but also an essential component of 
overall force protection and operational stability. 
However, the effectiveness of existing systems for 
radiation and chemical safety remains limited by 
technological and organizational constraints—manual 
data collection, slow analysis, and low situational 
awareness. 

The rapid advancement of science and engineering 
offers new opportunities to strengthen environmental 
security systems through the introduction of innovative 
technical means. Modern robotics, unmanned aerial 
vehicles (UAVs), distributed sensor networks, artificial 
intelligence (AI), and digital twins allow for faster 
detection, more accurate risk assessment, and automated 
decision support. These technologies form the basis of a 
new generation of environmental protection 
infrastructure that can operate continuously, integrate 
multi-source data, and provide commanders with 
reliable, real-time information. 

The objective of this study is to develop a conceptual 
and analytical framework for increasing the efficiency of 
the military environmental security system through the 
implementation of advanced technical tools. The paper 
identifies key technological drivers, proposes 
quantitative efficiency indicators, and outlines how 
modern innovations can improve monitoring, analysis, 
and response capabilities under radiation and chemical 
hazard conditions. 

II. BACKGROUND AND RELATED WORK 
Research on improving environmental security in the 

armed forces traditionally focuses on radiation, 
chemical, and biological protection systems that rely on 
specialized reconnaissance vehicles, portable detectors, 
and laboratory analysis. While these methods remain 
effective for localized monitoring, they are slow to react 
and limited in spatial coverage [1-5]. Over the past 
decade, many defense organizations have begun 
integrating innovative technologies to overcome these 
limitations, emphasizing automation, real-time data 
fusion, and autonomous operation. 

International projects such as DARPA SIGMA+ 
(USA), NATO CBRN Defence Capability Development, 
and the European SensorNet initiative have 
demonstrated the potential of wide-area sensor networks, 
cloud-based analytics, and AI-driven risk forecasting. In 
parallel, military robotics and UAVs equipped with 
radiation and chemical sensors have proven their 
effectiveness in reconnaissance, contamination 
mapping, and sample collection without exposing 
personnel to direct danger [6-10,35]. In Russia, China, 

https://doi.org/10.31713/MCIT.2025.108
mailto:mr.axundov1@gmail.com
mailto:hasimovel@gmail.com


Modeling, control and information technologies – 2025 

 
 

and several EU countries, experiments with robotic 
platforms and micro-sensor systems have shown a 
reduction in detection time by up to 40–60% compared 
with traditional manual methods [11,12,27]. 

Despite these advances, significant challenges 
remain. Many systems still operate as isolated 
subsystems with weak interoperability, limited cyber 
protection, and insufficient data validation. Integration 
of heterogeneous sensors, standardized data formats, and 
secure communication protocols remains a key research 
problem [13-17]. Current studies also note the need for 
new efficiency models that can quantify the contribution 
of innovative technologies to the reliability, accuracy, 
and responsiveness of environmental monitoring. The 
present paper builds upon these findings, focusing on 
how advanced technical means, particularly robotics, 
UAVs, IoT networks, and AI analytics, can 
systematically enhance the performance and resilience 
of military environmental security systems.  

III. METHODOLOGY: EFFICIENCY EVALUATION 
FRAMEWORK  

To assess how modern technical innovations improve 
the performance of the environmental security system in 
the armed forces, an integrated efficiency evaluation 
framework is proposed. The framework quantifies how 
technological upgrades influence detection speed, 
accuracy, reliability, coverage, and resource 
consumption — the key operational parameters that 
determine system readiness under radiation and 
chemical threat conditions. 

The efficiency of the system is represented by a 
dimensionless coefficient η (eta), which combines these 
factors into a single measure: 

 
𝜂𝜂 = 𝐴𝐴 𝑥𝑥 𝑅𝑅 𝑥𝑥 𝐶𝐶

𝑇𝑇𝑟𝑟  𝑥𝑥 𝐸𝐸
 

where A is detection accuracy, R is reliability (mean 
time between failures or data validity rate), C is spatial 
coverage of monitoring, Tᵣ is system response time, and 
E represents energy or resource consumption. A higher 
η indicates a more efficient environmental security 
system capable of rapid and stable performance under 
limited resources. 

To evaluate the impact of advanced technologies, a 
comparative approach is applied. Baseline performance 
metrics are established for conventional systems—
manual sampling, vehicle-based reconnaissance, and 
laboratory analysis. These values are compared to 
experimental or simulated data from systems enhanced 
by robotics, UAV sensor platforms, distributed IoT 
detectors, and AI-based analytics. Improvement ratios 
(Δη) are calculated to show relative gains in speed, 
accuracy, and operational endurance. 

Efficiency assessment also includes modeling of 
information flow and resource usage within the system. 
Simulation experiments are conducted to estimate how 
real-time data processing, sensor network density, and 
communication reliability affect total mission 
effectiveness [18-20]. Statistical analysis is used to 
determine confidence levels for each performance 
indicator, while sensitivity analysis identifies which 

technological parameters yield the greatest contribution 
to overall efficiency. 

Finally, the methodology incorporates reliability 
modeling based on k-out-of-n system structures, where 
operational success depends on the functioning of at 
least k out of n deployed subsystems (e.g., sensors, 
UAVs, or robots). This approach allows for evaluation 
of redundancy and resilience against partial failures. The 
resulting framework provides a quantitative basis for 
decision-makers to prioritize technological investments 
and optimize the configuration of environmental 
monitoring assets within the armed forces. 

IV. ADVANCED TECHNICAL MEANS FOR 
ENVIRONMENTAL SECURITY 

Enhancing the environmental security system of the 
armed forces requires the integration of advanced 
technical means that improve the accuracy, 
responsiveness, and resilience of monitoring and 
response operations [21-25, 40]. Modern technologies 
enable continuous surveillance, autonomous data 
collection, and real-time analytics, reducing dependence 
on manual procedures and increasing situational 
awareness. The most promising directions include 
robotics, unmanned aerial systems, distributed sensor 
networks, artificial intelligence, and secure 
communications. 

Robotic complexes equipped with radiation and 
chemical detectors provide autonomous or remotely 
controlled reconnaissance in contaminated or high-risk 
zones. They are capable of measuring radiation dose 
rates, collecting soil and air samples, and transmitting 
data to command centers without exposing personnel to 
danger. Such systems significantly reduce operational 
risk and extend mission duration under extreme 
conditions [26,27,39]. 

Unmanned aerial vehicles (UAVs) equipped with 
miniaturized spectrometric and chemical sensors expand 
monitoring coverage over large areas. UAVs can map 
contamination zones, estimate concentration gradients, 
and detect sources of emission using real-time geospatial 
analytics. Integration with ground-based posts allows 
rapid validation of anomalies detected from the air and 
immediate tasking of reconnaissance units [28,29, 40]. 

Distributed sensor networks (IoT) form the backbone 
of continuous environmental monitoring. Networks of 
stationary and mobile sensors—linked through military 
communication channels—enable automatic data 
collection and early-warning capabilities. Smart sensors 
with self-diagnosis and calibration functions improve 
data reliability, while mesh-network topologies enhance 
resilience to communication failures [30-33,37]. 

Artificial intelligence and machine learning play a 
crucial role in data fusion, pattern recognition, and 
predictive modeling [34]. Neural algorithms process 
massive sensor datasets to detect anomalies, estimate 
dispersion dynamics, and forecast risk levels based on 
meteorological and topographic data. AI-driven 
decision-support modules help commanders prioritize 
response actions and allocate reconnaissance or 
decontamination resources more efficiently [35]. 

Digital twins and simulation models create virtual 
replicas of monitored territories, allowing simulation of 



Modeling, control and information technologies – 2025 

 
 

contamination scenarios and evaluation of response 
strategies [36]. This technology supports mission 
rehearsal, risk assessment, and optimization of 
environmental safety protocols before real-world 
deployment. 

Secure communication and data management 
technologies ensure the confidentiality and integrity of 
information flows [37]. Encrypted telemetry, 
synchronized timing, and automated integrity 
verification prevent data spoofing and support reliable 
decision-making under electronic warfare or cyberattack 
conditions. 

Together, these advanced technical means transform 
the environmental security system into an intelligent, 
adaptive infrastructure that operates continuously, learns 
from data, and supports proactive decision-making. 
Their integration forms the foundation for an eco-secure 
digital ecosystem within the armed forces, capable of 
maintaining operational readiness even under complex 
radiation and chemical threat environments. 

V. RESULTS AND DISCUSSION 
Implementation of advanced technical means within 

the military environmental security system demonstrates 
measurable improvements in speed, precision, and 
reliability of monitoring and response processes. 
Simulation modeling and experimental comparisons 
reveal that automation and data integration substantially 
reduce the detection-to-decision time while maintaining 
high measurement accuracy and system stability under 
stress conditions. 

The results show that replacing manual sampling and 
vehicle-based reconnaissance with robotic and UAV 
systems decreases the average detection time by 35–50% 
and expands the monitoring radius by up to 60%. 
Autonomous data transfer and online visualization also 
shorten the decision-making cycle, allowing command 
centers to react to radiation or chemical anomalies in 
near real time. Meanwhile, distributed sensor networks 
increase spatial coverage and reduce blind zones in 
terrain with complex topography. When connected via 
secure communication channels, the system can sustain 
partial network failures without critical data loss, 
maintaining an operational availability above 99%. 

Integration of artificial intelligence and machine 
learning modules further improves analytical efficiency. 
Machine learning algorithms trained on historical 
contamination data enhance anomaly detection accuracy 
by approximately 25–30% compared to threshold-based 
methods. Predictive dispersion models, updated with 
real-time meteorological data, provide more precise 
delineation of hazard zones, reducing forecast error 
margins to below 10%. The use of digital twins in 
simulated exercises has shown a reduction in resource 
consumption and personnel exposure by modeling 
optimal reconnaissance and decontamination routes 
before field deployment. 

Quantitative assessment of efficiency based on the 
coefficient η = (A × R × C) / (Tr × E) confirms the 
advantage of innovation-driven systems. On average, η 
increases by a factor of 1.8–2.3 depending on operational 
conditions and technological configuration. The most 
significant contributors to efficiency growth are 

improved reliability (R) due to redundant sensor 
coverage, higher detection accuracy (A) through AI-
based filtering, and reduced response time (Tr) achieved 
via autonomous operations. Efficiency improvement by 
technology type is shown in Fig. 1. 

However, the results also highlight certain limitations. 
Advanced systems require substantial initial investment, 
continuous calibration, and well-trained operators. 
Cybersecurity risks increase with the number of 
interconnected devices, necessitating strong encryption 
and authentication mechanisms. Furthermore, 
environmental factors such as extreme weather or 
electromagnetic interference may degrade sensor 
accuracy and communication quality. Despite these 
constraints, the overall findings indicate that modern 
technical means substantially strengthen the resilience, 
adaptability, and efficiency of the environmental 
security system, turning it into a proactive and data-
driven component of national defense infrastructure. 

 
Fig. 1. Efficiency growth (η) as a function of technology adoption 
 
Key differences in performance indicators between 

conventional and modernized systems are summarized 
in Table I. 

 
Table I. Comparative efficiency metrics of traditional 

vs modernized system 

Parameter Traditional 
System 

Modernized 
System (with 

Advanced 
Tech) 

Improvement 
(%) 

Detection 
accuracy (A) 70–75% 90–95% +25% 

Response 
time (Tr) 

10–15 
minutes 3–5 minutes −60% 

Reliability 
(R) 85% 98% +15% 

Spatial 
coverage (C) 

~2–3 km 
radius 

~8–10 km 
radius +300% 

Resource 
consumption 

(E) 

High 
(manual, 
crewed) 

Moderate 
(autonomous, 

optimized) 
−40% 

System 
efficiency (η) 

Baseline: 
1.0 

1.8–2.4 
(depending on 

config) 
+80–140% 

 
VI. IMPLEMENTATION ROADMAP 

The transition toward a technologically enhanced 
environmental security system in the armed forces 
requires a structured, phased approach that balances 
innovation with operational practicality. At the first 
stage, pilot projects should be established at selected 
training ranges and military bases to test and calibrate 
advanced sensors, UAV reconnaissance platforms, and 
robotic complexes. These pilot implementations allow 
for validation of technical parameters, communication 
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stability, and data interoperability between mobile units 
and command centers. 

  The second stage involves large-scale integration 
and networking. Data from distributed sensors, UAVs, 
and robotic systems must be unified under a single 
environmental monitoring platform with standardized 
interfaces and secure communication protocols. This 
phase also includes the deployment of AI-driven 
analytical modules and digital twins to support real-time 
decision-making and predictive modeling. 

At the third stage, full operational deployment and 
doctrinal adaptation are achieved. This includes updating 
regulations and training programs, establishing 
maintenance and calibration schedules, and defining 
legal responsibilities for data management and 
environmental reporting. Continuous operator training, 
cybersecurity reinforcement, and technical 
modernization cycles ensure system sustainability. 

Finally, international interoperability should be 
considered, allowing data exchange with allied defense 
and civil protection systems. Through these steps, the 
armed forces can create a modern, efficient, and adaptive 
environmental security infrastructure capable of 
responding effectively to radiation and chemical threats 
in both peacetime and combat operations. 

VII.CONCLUSION 
The integration of advanced technical means 

fundamentally enhances the efficiency and resilience of 
the military environmental security system. Robotics, 
UAVs, distributed sensor networks, artificial 
intelligence, and digital modeling enable faster 
detection, higher accuracy, and autonomous decision 
support, reducing risks to personnel and the 
environment. Quantitative assessment confirms a 
significant improvement in key performance indicators 
such as response time, reliability, and data quality when 
compared with traditional systems. Continued 
modernization supported by regulatory adaptation and 
personnel training will allow the armed forces to 
maintain sustainable ecological safety and operational 
readiness under radiation and chemical threat conditions. 
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