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Abstract: As warships become more complex, the need to manage the lifecycle of such
equipment is becoming more intricate, and the demand for a secure, transparent and tamper-
proof system to track assets from procurement to retirement is growing. Centralized systems
can be inefficient, lack transparency, and have software manipulation issues. The study
suggests a smart contract-based blockchain infrastructure that handles all the lifecycle events
from the military equipment, guarantees data integrity and offers end to end traceability.
Smart contracts automatically run specific procedures on procurement, examination,
transport, maintenance, deployment, and disposal, keeping track of immutable records. A
homemade data set is used to test the proposed system. The results showed the feasibility of
tracking with a higher degree of security and efficiency than the traditional management
system, and better transparency regarding the lifecycle of the product.
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Introduction:

Large defence organisations support thousands of military assets, such as weapons,
communication equipment, armoured vehicles, aircraft, equipment, equipment surveillance
and other things. The assets go through various life cycle stages including procurement,
production, quality control, delivery, storage, installation, maintenance, repair and retirement.
Handling all these processes safely is a major challenge as several organisations are involved

in the chain and information must be kept protected and confidential.
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Current lifecycle management systems use centralized databases, which run the risk of being
tampered with, attacked by hackers, synced late, and lack interoperability with agencies. Such
problems contribute to poor operational transparency and the inability to prove authenticity
and maintenance history of military equipment.

The blockchain's decentralized, immune to tampering nature makes it ideal to securely
capture every life-cycle event. Business rules can be programmed into smart contracts for
automating their application, without human intervention. Smart contracts ensure transactions
go through, program maintenance schedules, approve inspections and ensure compliance to
defense rules. In this study, a smart contract-based traceability system was designed to
increase transparency, accountability, operational efficiency and security in the military
equipment life cycle. This study aims to produce a traceability system based on smart
contracts that meets the goals of transparency, accountability, operational efficiency and

security in the life of military equipment.

Literature Review:

Blockchain technology has opened the door for new solutions to enhance transparency,
security and traceability within complex supply chains. Androulaki et al. (2018) proposed
Hyperledger Fabric as a "permissioned blockchain" platform specifically developed to
support enterprise applications. They also emphasized the need for decentralized architecture,
access control and smart contract execution around transactions for facilitating secure
transaction handling. Through the research, the authors showed that Hyperledger Fabric is
appropriate for multiple stakeholders to share confidential and reliable data without trust —
which is necessary for applications where security and trust are paramount — like military
equipment lifecycle management.

This systematic literature review by Casino et al. (2019) provided an overview of the existing
research, categorized blockchain applications according to the phase and problem they were
trying to address, and identified key challenges in blockchain applications. Based on the
study, it was identified that blockchain has a lot of advantages in terms of data integrity,
transparency, and decentralized decision making. But the authors highlighted the issues
regarding scalability, interoperability, and implementation complexity. Their analysis offers
significant guidance to help craft a blockchain system that can be used to handle critical
information in the blockchain lifecycle.

To enhance cybersecurity and privacy, Kshetri (2018) has discussed the interplay of

blockchain technology. The research depicted the use of blockchain to enhance security in an
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easy way, making use of cryptographic functions, distributed data storage and storing and
unalterable transaction records. The blockchain-based system was proposed to be capable of
minimizing the risk of data modification, unauthorized access and cyber-attacks. These traits
are of particular importance for its uses in defense related security with regard to private
military equipment information.

Saberi et al. (2019) explored the association of Blockchain Technology with Sustainable
Supply Chain Management. The authors emphasized that blockchain provides a great
solution in terms of improving the visibility in the supply chain, while allowing to track
secure products and transactions across various phases. They found that decentralized
systems have the potential to offer benefits in information flow and collaboration among
partners within the supply chain and minimize information asymmetry. This study offers
support for the use of blockchain in monitoring military assets—from procurement to final
disposal.

Queiroz et al. (2020) systematically reviewed the literature about blockchain applications in
the SCM and studied the effects of blockchain in the operational performance. The research
concluded that blockchain enhances the transparency, trust and coordination of players in the
supply chain. The authors did, however, detect problems with organizational readiness,
technological infrastructure and regulatory issues. The study offers the basis for creating
systems for the management of the blockchain life cycle.

Agrawal et al. (2022) introduced and suggested a smart contract powered blockchain-based
supply chain cooperation system. Smart contracts, being a part of their study, highlighted the
fact that they enable automatic business processes by applying predetermined rules without
human intervention. The study revealed that smart contract implementation offers several
benefits, including improved efficiency of transactions, a decrease in errors, and increased
accountability of stakeholders. The procedure can also be used in the application of
equipment management in the army, where the automatic verification of the procurement and
inspection and maintenance process must be carried out.

Salah et al. (2019) designed a blockchain-based supply chain traceability system that utilizes
smart contracts in agriculture supply chains. The study showed that by using blockchain, end-
to-end product tracking can be achieved and modifications of stored data can be prevented.
The work has concentrated on agriculture, but the equally desirable features of using this
traceability mechanism in the defence supply chain are discussed and used as illustrations of

its applicability for this sector.
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Kamilaris et al. (2019) reviewed the trend of applying blockchain technology for agricultural
and food supply chains. The authors emphasized the potential of blockchain to develop a
reliable and transparent information sharing mechanism among different stakeholders. They
discovered that blockchain increases the accuracy of tracking, decreases fraud and helps in
better decision making. The principles can be applied to the military equipment in its entire
life cycle.

Rejeb et al. (2019) examined the possibilities of blockchain and possible future projects into
this technology. The research pointed out the key features of blockchain, including its ability
to share information securely, promote trust between the parties, and facilitate automated
digital transactions. The authors recommended future study of better scalability, integration
with novel technologies, and the application of blockchain in industrial fields.

Malik et al. (2021) came up with the idea of Prochain, a blockchain application that leverages
provenance and privacy to enhance supply chain management. The problem that the research
tried to solve was maintaining transparency while keeping sensitive information secret. The
suggested solution showed how blockchain can track provenance of data securely while
maintaining data privacy. The idea is a very important concept for military systems operating
under the condition of operational confidentiality.

Miiller et al. (2020) have been developing TZ4Fabric, a framework for executing smart
contracts with ARM Trust Zone technology. The study emphasized the security of the smart
contract execution on the chain by developing a trusted hardware environment along with
blockchain. The results showed that secure execution mechanisms have potential to improve
reliability and decrease vulnerabilities of decentralized applications.

Biiytikozkan and Goger (2018) discussed the transformation of digital supply chain, and gave
a framework for the future research. Their study detailed that digital technologies can
enhance the responsiveness of the supply chain, sharing of information, and the efficiency of
operations. The research focused on and stressed the need for the integration of advanced
technologies to obtain intelligent and connected supply chain systems.

In Supply Chain Management, Queiroz and Fosso Wamba (2019) studied the issues
pertaining to the adoption of blockchain empirically. The study found that technological
complexity, lack of standards, and organizational barriers are among the main factors that
impact the implementation of blockchain. The authors proposed to create more scalable and
user-friendly approaches to blockchain solutions to ensure broader adoption.

Choi (2020) discusses the use of a blockchain supply chain financing and the impact this has

on the supply chain performance. The study showed how blockchain technology can enhance
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the transparency of financial flows, streamline transactions in the supply chain and build trust
among the partners in the chain. The results show that adoption of blockchain applications
can improve both operational processes as well as administrative and financial aspects of
asset management.

Pournader et al. (2020) has recently carried out a systematic review of the use of blockchain
in Supply Chain Management, Transportation and Logistics. Traceability, security and
information sharing are among the crucial benefits identified during the research. It is
recommended that blockchain implementation in IoT, Al, and smart decision-making systems
be investigated in future studies.

Kamble et al. (2021) presented an above all blockchain-based supply chain management
traceability model. They studied to enhance transparency and tracking the performance along
supply chain networks. The study showed that blockchain seems to greatly boost the
effectiveness of the traceability. The research proved that the traceability performance is
enhanced greatly due to the immutability of recorded transactions using blockchain. The
proposed solution will be useful for making the design of secure lifecycle management
system of military equipment.

The literature review indicates that the blockchain and smart contract technologies offer
robust capabilities in terms of secure data management, automated verification and lifecycle
traceability. Past studies primarily have examined commercial supply chains, agriculture,
logistics and asset tracking in general. There are few studies that focus on end-to-end
lifecycle management of military equipment, covering procurement, production,
maintenance, operation and retirement. To address this, the present study focuses on creating
a smart contract-based traceability system exclusively for military equipment lifecycle
management, that is to say, a system that supports traceability. For this, the present study is
targeted to design a traceability system for military equipment lifecycle management using

this system a traceability support is necessary which can be done through smart contracts.

Objectives of the Study:
1. To develop a smart contract-enabled blockchain framework for military equipment
lifecycle management.
2. To improve traceability, transparency, and security across all lifecycle stages.
3. To evaluate the effectiveness of the proposed framework using simulated military

equipment transaction data.
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Research Methodology:
This study is quantitative research, using simulation experimental technique. Hyperledger

Fabric is a permissioned blockchain system designed to provide a secure Architecture to deal
with military equipment lifecycle transactions. Smart Contracts are created to provide
automated procurement approval, product verification, quality inspection, delivery to
warehouse, delivery tracking, maintenance scheduling, deployment approval and retirement
validations etc. A test data set on the lifecycles of military equipment is sampled in order to
test the proposed framework. The performance is evaluated through the following metrics:
traceability accuracy, transaction success rate, smart contract execution time, data integrity,
system throughput, latency and overall system efficiency. These experimental results are then
compared to a traditional centralized lifecycle management system to evaluate the benefits of

using blockchain for automation.

Analysis of the Study

Table 1. Military Equipment Lifecycle Dataset
Lifecycle Stage Number of Transactions | Percentage (%)
Procurement 2,600 17.33
Manufacturing 4,200 28.00
Quality Inspection 1,800 12.00
Transportation 2,900 19.33
Warehouse Management | 2,100 14.00
Deployment 900 6.00
Retirement 500 3.34
Total 15,000 100

Table 2. Smart Contract Configuration

Parameter Configuration
Blockchain Platform Hyperledger Fabric
Consensus Algorithm PBFT

Smart Contract Language | Go

Ledger Type Distributed Ledger
Block Size 1 MB
Average Block Time 2 Seconds
Network Nodes 12
Cryptographic Algorithm | SHA-256
Digital Signature ECDSA
Table 3. Smart Contract Performance
Performance Metric Proposed Framework
Smart Contract Execution Accuracy | 99.24%
Transaction Validation Accuracy 99.11%
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Traceability Accuracy 99.36%
Data Integrity 99.82%
Security Score 99.45%
Transaction Success Rate 99.08%
Average Latency 0.86s
Throughput 3,920 TPS

Table 4. Comparative Performance Analysis

Parameter Existing System | Proposed Framework
Traceability Accuracy (%) 91.62 99.36
Data Integrity (%) 90.54 99.82
Security (%) 92.11 99.45
Operational Efficiency (%) 88.75 98.81
Transaction Success Rate (%) | 93.08 99.08
System Reliability (%) 91.40 99.26
Maintenance Verification (%) | 89.73 98.92
Table 5. Overall Framework Evaluation
Evaluation Parameter Score
Traceability 99.36%
Transparency 99.18%
Security 99.45%
Smart Contract Automation 99.24%
Operational Efficiency 98.81%
Reliability 99.26%
Scalability 98.74%
Overall Framework Performance | 99.01%

7. Overall Conclusion

The smart contract-based design of this proposed blockchain is an excellent way of solving

the problems of secure and transparent management of military equipment over its lifecycle.
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Smart Contract-Enabled Traceability for Military Equipment Lifecycle Management - Combined Analysis

1. Military Equipment Lifecycle Dataset 2. Smart Contract Configuration (Overview) 3. Smart Contract Performance
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The system's high level of traceability, accountability and operational efficiency are
highlighted by recording all lifecycle events on an immutable distributed ledger and
automating operational processes with smart contracts. The simulation results show that the
transactions are accurate, secure, more processed, and that the lifecycle of these transactions
can be visualized. The framework is designed to be applicable to contemporary defense
industry players who are looking to achieve mission-critical military hardware's secure digital
transformation and trusted and secure lifecycle management. Possible future work includes
the introduction of artificial intelligence (Al), digital (virtual) twins and Internet of Things

(IoT) sensors and semantic data to implement a fully autonomous defense asset management.
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