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Abstract

Military supply chain management plays a vital role in
ensuring mission readiness and operational success in
dynamic and hostile battlefield environments. Traditional
military logistics systems largely depend on static planning,
manual coordination, and limited situational awareness,
making them vulnerable to disruptions caused by terrain
uncertainty, infrastructure damage, weather variability, and
adversarial threats. To address these limitations, this paper
proposes an intelligent and resilient military supply chain
optimization framework that integrates Explainable
Artificial Intelligence (XAI), machine learning—based
predictive analytics, Synthetic Aperture Radar (SAR) image
analysis, and adaptive optimization techniques. The
proposed framework leverages real-time multi-source
battlefield data, including SAR imagery, convoy tracking
data, inventory status, and environmental conditions, to
enable proactive decision-making. Machine learning
models are employed to predict supply demand, route
feasibility, and disruption risks, while optimization
algorithms dynamically adjust routing strategies and
resource allocation. Explainable Al techniques are
incorporated to provide transparent and interpretable
decision justifications, enhancing trust and usability for
commanders and logistics personnel. Simulation-based
demonstrate that the proposed system
significantly outperforms traditional military logistics
approaches, achieving a 66.7% reduction in decision-
making time, a 38.5% improvement in route efficiency, an
87.5% reduction in supply delays, and a 63.6%
enhancement in operational resilience. These results
highlight the effectiveness of integrating predictive
intelligence, optimization, and explainability into military
logistics systems. The proposed framework offers a scalable,
resilient, and trustworthy solution for next-generation Al-
driven military supply chain management.
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I. INTRODUCTION

Efficient and resilient supply chain management
is a cornerstone of successful military operations. The
timely delivery of mission-critical resources such as
ammunition, fuel, food, and medical supplies directly
influences combat effectiveness, troop morale, and overall

mission outcomes. Unlike commercial supply -chains,
military logistics operates under extreme uncertainty,
characterized by rapidly changing battlefield conditions,
damaged infrastructure, hostile interference, and
communication constraints. These factors demand logistics
systems that are not only efficient but also adaptive, robust,
and capable of real-time decision-making. Conventional
military logistics systems rely heavily on static data,
predefined routes, and manual planning processes. While
such approaches may be adequate in predictable
environments, they struggle to cope with the dynamic
nature of modern warfare. Delays in decision-making,
inefficient routing, poor resource utilization, and limited
visibility across the supply chain often result in operational
bottlenecks and increased vulnerability to disruptions. As
modern battlefields become increasingly data-rich, driven
by surveillance systems, sensors, and satellite imagery,
there is a growing opportunity to transform military
logistics through intelligent, data-driven approaches.

Recent advancements in artificial intelligence
(AI), machine learning, and remote sensing technologies
have opened new avenues for enhancing supply chain
resilience. In particular, Synthetic Aperture Radar (SAR)
imagery provides valuable all-weather, day-and-night
surveillance capabilities, enabling the detection of terrain
changes, infrastructure damage, and potential threats. When
combined with predictive analytics and optimization
techniques, such data can significantly improve situational
awareness and logistics planning. However, the adoption of
Al-driven systems in military contexts raises concerns
related to transparency, trust, and accountability, especially
when automated decisions impact mission-critical
these challenges, this paper
introduces an explainable and adaptive military supply
chain optimization framework. The proposed system
integrates SAR image—based analysis, machine learning—

outcomes. To address

driven prediction, optimization algorithms for routing and
resource allocation, and Explainable Al (XAI) techniques to
ensure transparency in automated decision-making. By
providing interpretable insights alongside optimized
recommendations, the framework supports commanders
and logistics personnel in making informed, confident
decisions under uncertainty.

The primary contributions of this research are
threefold. First, it presents a comprehensive Al-driven
military logistics framework that integrates real-time data
analytics, SAR imagery, and predictive optimization.
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Second, it incorporates explainability into the decision-
support process, addressing the trust deficit commonly
associated with black-box Al models. Third, it demonstrates
through simulation-based evaluation that the proposed
approach significantly enhances logistics efficiency,
resilience, and operational agility compared to traditional
systems. Collectively, these contributions advance the state
of military supply chain management toward more
intelligent, transparent, and resilient operations.

II. LITERATURE REVIEW

Research in Al-driven logistics and radar-based
surveillance has grown significantly over the last decade.
The following review summarizes key contributions from
prior studies that collectively form the foundation for
developing an Explainable Al-based SAR logistics
optimization framework.

The study by Jang et al. explores the application
of Deep Learning (DL) models for the automatic
interpretation of SAR imagery, addressing the core
challenges of noise reduction, texture complexity, and
geometric distortions [1][5]. Conventional radar analysis
techniques struggle with these issues because SAR imagery
is influenced by surface scattering, dielectric properties,
and environmental interference. The authors developed
Network (CNN) architectures
capable of learning spatial hierarchies within radar data.
These models demonstrated superior performance in object
detection, feature extraction, and terrain classification
compared to traditional rule-based or statistical methods.
By automating SAR interpretation, CNNs reduce
dependence on expert analysts and significantly accelerate
the data processing pipeline. For military applications, this
research laid the foundation for automated monitoring

Convolutional Neural

systems that can detect vehicles, map supply routes, and
assess infrastructure conditions in real time. The paper’s
findings directly support the current study’s focus on
combining SAR-based terrain analysis with Al-driven
supply chain management, enabling real-time logistics
decision-making and adaptive battlefield support.

Roberts et al. proposed an Al-based framework
designed to optimize military supply chain operations by
integrating Machine Learning (ML) algorithms for dynamic

planning, demand forecasting, and route optimization [3][4].

Their work emphasizes how intelligent systems can
improve efficiency in resource allocation and risk
mitigation, especially under uncertain  battlefield
conditions.The framework uses predictive analytics to
anticipate resource shortages and to suggest optimal
delivery paths based on mission priorities. Algorithms such
as Decision Trees and Reinforcement Learning were
applied to improve adaptability and performance under
fluctuating data inputs. However, a key limitation noted in
their study is the absence of interpretability and
transparency in the decision-making process. While their
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model achieved high accuracy, it functioned as a “black
box,” providing little insight into why specific routes or
strategies were chosen. Additionally, their research did not
integrate SAR-based situational awareness, which limits its
capability in terrain analysis and operational surveillance.
These gaps underline the importance of incorporating
Explainable Al in future military logistics systems—one of
the primary goals of the present research.

Samek et al. provide a comprehensive overview
of the emerging field of Explainable Artificial Intelligence
(XAI), emphasizing the need for interpretability in Al-
driven systems deployed in safety-critical domains such as
healthcare, defense, and transportation [2][6]. The review
discusses several interpretability techniques, including
LIME (Local Interpretable Model-Agnostic Explanations),
SHAP (SHapley Additive exPlanations), and Grad-CAM
(Gradient-weighted Class Activation Mapping). The
authors highlight that in high-stakes environments,
decision-makers must understand not just what an Al
system predicts but also why it makes that prediction. Their
research establishes a strong connection between model
transparency and human trust, suggesting that explainable
systems enhance accountability and operational safety. This
work is highly relevant to the present research, which seeks
to build a transparent and trustworthy Al framework for
military logistics. By integrating XAl methods into SAR-
based analysis, commanders can gain a clear understanding
of the reasoning behind Al-generated insights, thus
ensuring that critical decisions—such as route selection or
risk prediction—are both accurate and explainable.

Kapoor and Sharma’s work demonstrate the
tactical significance of SAR imagery in real-world military
operations. Their research showcases how SAR can be
leveraged to detect convoys, assess infrastructure damage,
and monitor terrain variations across large geographical
areas [1]. They illustrate SAR’s advantages over optical
imagery, emphasizing its ability to function under adverse
weather and lighting conditions. By analyzing radar
backscatter signals, SAR systems can differentiate between
surface materials, identify hidden structures, and assess
battlefield changes with high precision. These capabilities
make SAR indispensable for logistics operations that
require continuous situational awareness and terrain
monitoring.The study directly supports the integration of
SAR data into Al-based logistics systems, showing how
automated radar interpretation can provide real-time
intelligence on terrain accessibility and route safety.
However, the paper also identifies challenges in manual
SAR interpretation, which can be overcome through deep
learning automation and explainable Al-based validation, as
proposed in the present work.

Gunasekaran et al. conducted an extensive review
of how AI technologies have transformed supply chain
management across multiple sectors [3]. Their study
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examines the applications of Al in areas such as demand
prediction, inventory control, warehouse automation, and
route optimization. The authors observe that Al enables
faster decision-making, reduces costs, and enhances overall
supply chain visibility. However, they also point out a
significant research gap: while commercial industries have
widely adopted Al for logistics, defense applications remain
limited, particularly those that integrate explainable Al and
remote sensing data. This research gap directly motivates
the current study, which aims to combine SAR- based
situational XAl-driven  logistics
optimization. By doing so, the proposed system extends the

awareness ~ with

principles of Al-powered logistics to the military domain,
ensuring that automated decisions are not only efficient but
also transparent and trustworthy [2][6].
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. The proposed research addresses these gaps by
introducing a comprehensive and explainable military
supply chain optimization framework. By integrating SAR
image—based situational awareness, machine learning—
driven predictive modeling, adaptive optimization, and
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XAl-based decision interpretation, the framework provides
an end-to-end solution tailored to the demands of modern
military operations. Unlike existing approaches, the
proposed system emphasizes not only performance and
efficiency but also transparency, trust, and human-Al
collaboration, which are essential for mission-critical
decision-making.

IV. PROBLEM FORMULATION

Military supply chain management operates in highly
uncertain, dynamic, and adversarial environments, where
timely and accurate logistics decisions are essential for
mission success. Unlike commercial supply chains, military
logistics must function under constraints such as damaged
infrastructure, hostile threats, limited communication, and
rapidly changing mission objectives. Traditional logistics
models, which rely on static assumptions and manual
decision-making, are address these
challenges, often resulting in delayed deliveries, inefficient
resource utilization, and increased operational risk. The

insufficient to

primary problem addressed in this research is the lack of an
integrated, adaptive, and explainable decision-support
framework for military logistics optimization. Existing
systems struggle to process real-time battlefield data,
predict future disruptions, and dynamically optimize
routing and resource allocation while maintaining
transparency in decision-making. Furthermore, the absence
of explainability in Al-driven systems reduces trust among
commanders and logistics personnel, limiting their practical
deployment in mission-critical scenarios.

The proposed framework formulates military
supply chain optimization as a multi-objective decision
problem that simultaneously minimizes operational cost,
delivery delay, and risk, while maximizing route efficiency,
resource utilization, resilience. The
framework incorporates real-time data inputs derived from

SAR imagery, battlefield sensors, convoy tracking systems,

and operational

and inventory databases, enabling continuous situational
awareness and proactive decision-making. A key aspect of
the problem formulation is balancing automated
intelligence with human judgment. While Al models excel
at analyzing large-scale data and identifying optimal
solutions, final decisions in military environments must
remain  interpretable and accountable. = Therefore,
explainability is treated as a core constraint rather than an
optional feature, ensuring that all Al-generated
recommendations can be understood and validated by
human operators.

A. Objective Function and Constraints

To mathematically formalize the military logistics
optimization problem, a multi-objective optimization model
is defined. The objective function captures cost efficiency,
operational risk, delivery timeliness, and resilience, subject
to real-world military constraints such as resource
availability, route safety, communication reliability, and
mission priorities.
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Let represent the vector of decision
variables, where each variable corresponds to a logistics
decision such as route selection, resource allocation, or
convoy scheduling.

mn = (O)+ O+ (- ()

where ( ): Total operational cost, ( ): Operational

risk derived from SAR-based threat and terrain

analysis, ( ): Delivery time and delay penalty and
( ): Resource utilization efficiency

V. METHODOLOGY

To address the complexities and uncertainties
inherent in military supply chain operations, this research
proposes an intelligent, adaptive, and explainable logistics
optimization framework. The methodology integrates real-
time data acquisition, SAR image analysis, machine
learning-based predictive modeling, optimization-driven
decision-making, and Explainable Artificial Intelligence
(XAI). The proposed framework is designed to operate
effectively in dynamic battlefield environments, supporting
both centralized command centers and distributed field

units.
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Fig 1: System Architecture

The methodology follows a modular and layered
architecture, ensuring scalability, resilience, and
adaptability under communication-constrained and hostile
conditions. Each module contributes to transforming raw
battlefield data into actionable and interpretable logistics
decisions.

A. System Architecture Overview

The proposed system architecture consists of five

interconnected layers:
1. Data Acquisition Layer
Data Processing and Feature Extraction Layer
Predictive Analytics Layer
Optimization and Decision Engine

wok D

Explainable Decision Support Layer

This layered design enables continuous feedback and
real-time adaptation, ensuring that logistics decisions
evolve in response to changing battlefield conditions.
B. Data Acquisition and Integration

The first stage involves collecting heterogeneous data from
multiple military logistics sources. These include: Synthetic
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Aperture Radar (SAR) imagery for terrain and
infrastructure assessment, Convoy tracking and vehicle
telemetry data, Inventory and warehouse status databases,
Weather and environmental intelligence, Battlefield sensor
and surveillance feeds SAR imagery plays a critical role in
providing reliable situational awareness, particularly in
adverse weather or low-visibility conditions. The data
acquisition layer aggregates these inputs in real time,
enabling a unified operational view of the supply chain.

C. Feature Extraction and Preprocessing

Once data is integrated, relevant features are extracted to
represent critical logistics parameters. From SAR images,
features such as road accessibility, terrain roughness,
infrastructure damage indicators, and threat proximity are
derived using image processing and deep learning—based
feature extraction techniques. These features are combined
with numerical logistics data, including delivery time, fuel
consumption, inventory levels, and convoy availability.

D. Machine Learning—Based Predictive Modeling

Machine learning models are trained to analyze historical
and real-time logistics data to predict future demand,
identify potential disruptions, and estimate route feasibility.
These models learn complex nonlinear relationships
between battlefield conditions, supply requirements, and
logistics performance.

E. Optimization and Adaptive Decision-Making

Based on predictive outputs, an optimization engine
dynamically determines optimal logistics decisions,
including route selection, resource allocation, and delivery
prioritization. Metaheuristic optimization techniques are
employed to handle the nonlinear, multi-constraint nature of
military logistics problems. The optimization process seeks
to minimize cost, delay, and risk while maximizing
efficiency and resilience, as defined in the objective
function. The adaptive mechanism continuously updates
decisions as new data becomes available, allowing the
system to respond to real-time battlefield changes such as
damaged roads, emerging threats, or sudden demand surges.

F. Explainable Artificial Intelligence (XAI) Integration

A defining feature of the proposed methodology is the
integration of Explainable Artificial Intelligence (XAI).
Rather than acting as a black-box system, the framework
provides interpretable explanations for each decision, such
as why a specific route is selected or why certain resources
are prioritized. XAl techniques such as feature importance
analysis and local explanation models are used to translate
complex Al outputs into human-understandable reasoning.
This transparency is critical in military environments,
where accountability, trust, and rapid validation of
decisions are essential. The explainability module ensures
that Al-generated recommendations support, rather than
replace, human judgment, fostering effective human—Al
collaboration.

VI. RESULTS AND DISCUSSIONS
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The proposed explainable and adaptive military supply
chain optimization framework was evaluated through
extensive simulation-based experiments designed to
replicate realistic Dbattlefield logistics scenarios. The
evaluation focused on assessing the system’s effectiveness
in comparison with traditional military logistics approaches
that rely on static routing, manual coordination, and limited
predictive capabilities.

A. Experimental Setup

The simulation environment incorporated heterogeneous
battlefield data, including SAR image—derived terrain
conditions, convoy movement logs, inventory demand
patterns, weather variations, and infrastructure status.
Multiple operational scenarios were generated to reflect
varying levels of threat intensity, infrastructure damage, and
demand uncertainty.

Performance Comparison

160

140 1

Decision Time Resilience

Route Efficiency

Fig 2: Performance Comparison Graph

Table 2 presents a quantitative comparison between the
traditional military logistics system and the proposed Al-
driven framework.

TABLE 2. Numerical Performance Comparison
(with % Improvement)

https://ijctjournal.org/

(%)

Operational 55 90 63.6%
Resilience improvement
(%)

Performance | Traditional | Proposed | Improvement

Metric System Al (%)
System

Decision 45 15 66.7% faster

Time

(minutes)

Route 65 90 38.5%

Efficiency increase

(%)

Supply Delay 40 75 87.5%

Reduction improvement

(%)

Resource 60 88 46.7%

Utilization improvement

(%)

Disruption 50 85 70%

Handling improvement

Capability

The results clearly demonstrate that the proposed system
significantly outperforms traditional logistics approaches
across all evaluated metrics. The experimental results
confirm that integrating  predictive intelligence,
optimization, and explainability into military supply chain
management leads to substantial performance gains. Unlike
traditional logistics systems that rely on reactive planning,
the proposed framework enables proactive and adaptive
decision-making. The use of SAR imagery enhances
situational awareness, while XAl ensures transparency and
accountability, addressing key barriers to Al adoption in
military environments. Overall, the results validate the
proposed framework as a robust, scalable, and trustworthy
solution for next-generation military logistics operations.

VII. CONCLUSION AND FUTURE SCOPE

This paper presented an intelligent, adaptive, and
explainable military supply chain optimization framework
designed to address the limitations of traditional logistics
systems operating in dynamic and high-risk battlefield
environments. By integrating real-time data analytics, SAR
image—based situational awareness, machine learning—
driven predictive modeling, optimization techniques, and
Explainable Artificial Intelligence (XAI), the proposed
framework enables faster, more accurate, and transparent
logistics decision-making under uncertainty. The proposed
system effectively overcomes the shortcomings of static
and manual logistics planning by continuously analyzing
heterogeneous  battlefield data to predict demand
fluctuations, identify potential disruptions, and dynamically
optimize routing and resource allocation. Simulation-based
evaluations demonstrate substantial improvements across
key performance metrics, including a 66.7% reduction in
decision-making time, a 38.5% increase in route efficiency,
an 87.5% reduction in supply delays, and a 63.6%
enhancement in operational resilience. These results
confirm the effectiveness of combining predictive
intelligence with adaptive optimization in military logistics
contexts. A critical contribution of this research is the
integration of Explainable Al, which ensures transparency
and trust in automated decisions. By providing interpretable
explanations for route selection, resource prioritization, and
risk assessment, the system supports human—Al
collaboration rather than replacing human judgment. This
transparency is essential for mission-critical military
operations, where accountability, situational awareness, and
rapid validation of decisions are paramount. From a
practical perspective, the proposed framework offers a
scalable and resilient solution that can support both
centralized command centers and decentralized field units,

ISSN :2394-2231

http://www.ijctjournal.org

Page 182



https://ijctjournal.org/
https://ijctjournal.org/
http://www.ijctjournal.org

International Journal of Computer Techniques—IJCT Volume 13 Issue 1, January - 2026

Open Access and Peer Review Journal ISSN 2394-2231

even in communication-constrained environments. The
modular architecture allows gradual adoption and
customization based on operational requirements and
technological maturity, making the framework suitable for
real-world military deployment. While the proposed system
demonstrates significant improvements, several avenues for
future research remain. Future work may explore the
integration of reinforcement learning techniques to enable
fully autonomous logistics adaptation under continuously
evolving battlefield conditions. The incorporation of multi-
agent coordination mechanisms could further enhance
collaboration among distributed logistics units. Additionally,
extending the framework to include cyber-security threat
modeling and blockchain-based secure data sharing could
strengthen data integrity and resilience. Real-world field
trials and hardware-in-the-loop simulations would also
provide deeper insights into operational feasibility and
system robustness. In conclusion, this research establishes a
strong foundation for next-generation Al-enabled military
supply chain management. By combining predictive
intelligence, optimization, and explainability, the proposed
framework significantly enhances mission readiness,
operational agility, and logistics resilience, contributing
meaningfully to the advancement of intelligent defense
logistics systems.
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