
 

Trends in Electrical Engineering 
ISSN: 2249-4774 

Volume – 14, Issue-03 

2024 

 

Review Article 

 

Real-Time Supply Chain Monitoring with Blockchain: A 

Decentralized Approach  

 

Neha Niharika1*, Smita Dash2 

 
1M Tech, Department of Electronics & Communication Engineering, RVS College of Engineering and 

Technology (RVSCET), Jamshedpur, Jharkhand, India.   
2Assistant Professor, Department of Computer Science, RVS College of Engineering and Technology 

(RVSCET), Jamshedpur, Jharkhand 

 

Corresponding Author Email id. - nrsinha10@gmail.com 

 

Receiving Date: 16th October 2024 

Accepted Date: 12th December 2024 

Published Date: 23rd December 2024 
 
Abstract: This study presents the development and implementation of a Blockchain-Enhanced Shipment Management and 

Tracking System (SMTS) to address key challenges in the logistics and shipping industry, such as inefficiencies, lack of 

transparency, security concerns, and high operational costs. Utilizing blockchain technology, particularly Hyperledger 

Fabric, the SMTS creates a decentralized, immutable ledger that enhances real-time shipment tracking, ensures data 

integrity, and improves security by reducing fraud and unauthorized tampering. Smart contracts automate processes such 

as shipment status updates, compliance checks, and payments, significantly improving operational efficiency and reducing 

reliance on intermediaries. The system is designed to seamlessly integrate with existing ERP and Supply Chain 

Management (SCM) systems, providing an advanced platform for real-time decision-making and predictive analytics 

through AI integration. Key features include enhanced customer experience, increased transparency, reduced paperwork, 

and streamlined operations. The architecture also ensures scalability, regulatory compliance, and a user-friendly interface 

accessible to various stakeholders, including consumers, logistics providers, and sellers. This innovative system 

demonstrates how blockchain technology, combined with AI-driven insights, can revolutionize global logistics by 
improving efficiency, security, and transparency. 

 

Keywords: Blockchain, Hyperledger Fabric, shipment tracking, logistics, smart contracts, transparency, real-time 

tracking, decentralized ledger, artificial intelligence, cryptographic security, automation.  

 

I. INTRODUCTION 

Blockchain is a decentralized digital ledger technology that records secure transactions across many computers, hence 

cannot be altered retroactively without network consensus [1]. Blockchain offers an immutable ledger, ensuring that once 

a transaction or shipment update is recorded, it cannot be altered. This characteristic is vital for preventing tampering, 

reducing fraud, and enhancing the security of shipment data. By maintaining a permanent and unchangeable record, 

blockchain technology fosters greater trust among stakeholders and strengthens the integrity of the entire supply chain [2]. 
Decentralization is a key feature of blockchain that eliminates the risk of a single point of failure. By distributing data 
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across a network of nodes, blockchain enhances the system's resilience against attacks and unauthorized alterations. This 

structure not only increases security but also ensures that no single entity has control over the entire network, fostering 

trust and reliability among participants [3]. Blockchain technology enables real-time tracking of shipments, allowing 

stakeholders to monitor the status and location of their goods with transparency. This capability is essential for effective 

operations planning and enhances customer satisfaction. Additionally, blockchain creates a comprehensive audit trail by 
recording every transaction on its network. This feature is invaluable for resolving disputes, conducting audits, and ensuring 

regulatory compliance, thereby reinforcing accountability throughout the supply chain [4]. Smart contracts are self-

executing agreements that automatically update the status of shipments at each stage without human intervention, thereby 

accelerating the entire process, while blockchain technology significantly reduces the paperwork involved in logistics—

from proof of delivery to customs clearance—streamlining administrative processes and enhancing overall efficiency in 

shipment management [5]. By facilitating direct interactions between parties, such as sellers and logistics companies, 

blockchain eliminates the need for intermediaries, thereby reducing costs, while its enhanced tracking and forecasting 

capabilities enable companies to manage inventory more efficiently by minimizing overstock and understock situations 

[6]. 

Blockchain enhances transparency and reliability by allowing customers to view the exact location of their items and 

estimated delivery times, which improves customer service and builds trust, while the clear, immutable record of shipment 

journeys simplifies and expedites dispute resolution among consumers, sellers, and logistics providers [7]. Blockchain 
facilitates regulatory compliance by providing authorities with transparent access to the required data, ensuring adherence 

to regional and international shipping regulations, while also enabling different stakeholders to generate customized reports 

from the comprehensive data stored in the blockchain, which aids in decision-making and strategic planning [8]. 

 

 

 

Fig. 1: Characteristics of blockchain [9] 

The fig. 1 highlights the essential characteristics of blockchain technology, focusing on five key attributes. Immutability 

refers to the ability of blockchain to ensure that once data is recorded, it cannot be altered, which is crucial for maintaining 

data integrity and preventing tampering. Decentralization signifies that blockchain operates without a central authority, 

relying on a distributed network of nodes that collectively maintain and validate records, enhancing transparency and trust. 

Anonymity allows participants to engage in transactions without revealing their identities, ensuring privacy while still 

recording transaction data. Security is provided through cryptographic techniques, making the blockchain highly resistant 

to hacking or unauthorized access, as each block is linked to the previous one with a secure cryptographic hash. Finally, 

Capacity refers to the blockchain's ability to handle and store large volumes of data, though its scalability can be affected 

by block size and network efficiency. Together, these characteristics make blockchain a robust solution for secure, 

transparent, and decentralized operations [10]. The paper aims to achieve following key objectives: 

 To design and implement a blockchain-based system to track shipments from origin to destination securely. 

 To create a transparent system where all stakeholders can trust the data integrity. 

 To reduce the risk of theft, tampering, and fraud during the shipment process. 

 To improve the efficiency of the postal service's logistics through real-time tracking and inventory management. 

 To provide a streamlined platform for sellers to list products and for logistics companies to update shipment 

statuses. 

Characteristics of 
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II. LITERATURE REVIEW 

Ressi, D., et al. (2024) [11] outlined the fundamental qualities of blockchain technology—security, transparency, and 

decentralization—have led to its rapid rise in popularity and widespread application across multiple industries. 

Applications built on blockchain technology, from supply chain management to financial transactions, have completely 

changed a number of industries. At the same time, methods for artificial intelligence (AI) have become a potent instrument 
for effectively resolving challenging issues. Blockchain applications that incorporate AI have demonstrated potential in 

resolving important issues including safety, agreement, scalability, and interoperability. While there are many studies on 

the topic of AI and blockchain in the literature already in existence, our work takes a different tack by concentrating on 

how artificial intelligence might optimize and improve the technology of blockchain and its applications. Our objective is 

to present a thorough literature review of the techniques used in deep learning, machine learning, natural language 

processing, and reinforcement learning to advance blockchain technology. Our contribution demonstrates how artificial 

intelligence (AI) may improve blockchain technology, resulting in more reliable, efficient, and secure blockchain 

applications. It develops theory and real-world applications by examining AI's role in agreement, intelligent contracts, and 

data privacy. This encourages innovation across industries for a more efficient and safe digital future. 

Akanfe, O., et al. (2023) [12] The growing deployment of Blockchain Technology (BCT) in various businesses has led to 

conflicting challenges about privacy legislation due to its fundamental decentralized and immutable nature. These 

difficulties are best shown by the implementation of privacy laws such as the Global Data Protection Regulation (GDPR), 
wherein BCT's features may be incompatible with some of the GDPR's strict privacy requirements. However, these 

important concerns receive little attention. The Technology-Organization-Environment (TOE) conceptual lens is used in 

this study as a mechanism to analyze the problem. The goal of the current research is to prevent failures in privacy 

regulatory compliance by examining the conflicts and potential for cooperation through the lens of TOE. We conducted an 

analysis of 71 multidisciplinary research projects that identify areas of conflict and offer a cohesive framework for 

synthesizing knowledge. We develop nine study proposals based on six significant and controversial GDPR data security 

and privacy standards to respond to the areas of disagreement and opportunity for cooperation that have been highlighted. 

By laying theoretical groundwork for further research in this crucial field, this study adds to the larger conversation around 

privacy regulations-compliant blockchain-based solutions. According to the report, balancing BCT with privacy legislation 

needs will enable BCT to reach its full potential, resulting in a safe and private-aware technological infrastructure with 

useful consequences and insights for politicians. 

Farah, M. B. et al. (2024) [13]. In addition to these aspects, the study conducts a thorough examination of the current 

network infrastructure in Ports and Vessels. This assessment provides a holistic view of the technological landscape within 

the maritime sector, which is crucial for understanding the challenges and opportunities for the successful implementation 

of blockchain technology. Moreover, the research identifies and analyzes specific Blockchain cybersecurity challenges that 

are pertinent to the Maritime Industry advantages of blockchain in their operations. The study thoroughly examines the 

present network infrastructure in port and vessels in addition to these other elements. This evaluation offers a 

comprehensive perspective of the technology environment in the maritime industry, which is essential for comprehending 

the obstacles and possibilities for the effective application of blockchain technology. Additionally, the study pinpoints and 

examines certain Blockchain cybersecurity issues that are relevant to the maritime sector. 

Govindan, K. et al. (2024) [14] studied the topic of Resilience and efficiency in a supply chain are matched by the supply 

chain's capacity to protect its supplier networks. Applications of blockchain technology in procurement can significantly 

improve this procedure. Although Blockchain Technology (BCT) integrated Procurement is clearly relevant, there isn't a 
thorough review available. With this important research gap in mind, the current study looks closely at 95 extremely 

relevant papers published between January 2012 and September 2023 in order to give a thorough evaluation of the 

literature. Studies in the literature now in publication point to BCT as the unmistakable facilitator of the Purchasing 4.0 

age; yet, the subject has not received enough attention. This research highlights significant gaps in theoretical foundations, 

technological advances in creating new revenue models, significant effects expected on the restructuring of procurement 

organizations, and other areas. Because it provides a comprehensive picture of pertinent literature-driven data about a 

variety of existing aspects on the subject, the research is both helpful and timely. Specifically, using the Theories Context, 

and Methodology (TCM) paradigm, this study offers comprehensive essential suggestions for future studies on the BCT 

applications in procurement. 

Onifade, M. et al. (2024) [15] outlined how the mineral and metals industry constitute one of among the most significant 

segments of the global economy. However, a lot of business and operational processes are still inefficient and antiquated, 
which leads to the omission of important data, security holes, and occasionally corruption. The mining sector has been 

seeking methods to incorporate ethical and transparent mining practices because it wants to emphasize these practices 

more. Such techniques are expected to assist lower risks associated with sustainability and reputation while also aiding in 

the modernization of supply chains. This paper discusses the use of blockchain technology to track natural resources in the 

minerals business, adding a necessary layer of transparency to this technology. Though there are many challenges and 

issues with blockchain technology, stakeholders will have to assess the technology's usability and scalability if they want 

it to become an industry standard. Even though blockchain technology has many uses in the minerals sector, this study 

sheds more light on how it can be used for tracking conflict minerals, reporting cheating scandals in mineral resources, 

designing and monitoring rock mechanics, blasting designs and operations, designing and operating mine ventilation 

systems, maintaining and managing mining machinery, and mining surveying. Although widespread adoption of 



 

blockchain technology has not yet occurred, the survey shows that a range of stakeholders are beginning to take it seriously 

and use it. 

Vaigandla, K. K. et al. (2023) [16] studied that in these days, one of the most significant breakthroughs and innovative 

advancements in the business sector is blockchain technology.  Our society is being revolutionized and continuously 

advanced by blockchain technology. This paper presents a review of blockchain technology. With the help of distributed 
ledger technology, such as the blockchain, various operations and transactions can be independently recorded in a series 

of blocks without the need for a middleman. Blockchain technology is being investigated as a potential technical solution 

by an increasing number of companies and industrial communities. The theoretical framework of computer applications 

has radically transformed in the last ten years thanks to blockchain technology. Blockchain was developed with the goal 

of establishing a decentralized P2P network that is open-source, private, unchangeable, and situated on an decentralized 

system to enable data sharing. A summary of several blockchain applications is provided. For those with an organization 

interested in blockchain research, we offer a current overview of the area. A review of blockchain technology is provided 

in this paper, along with a summary of all the salient traits, advantages, and features that set it apart from other technologies. 

We also talk about the taxonomy for blockchain networks and common consensus protocols. 

Tripathi, G. et al. (2023) [17] outlined how Blockchain, a distributed database of information technology, has transformed 

industries, businesses, and trade by doing away with the requirement for a centralized authority for storage and control. 

Blockchain is a system of time-stamped, immutable data blocks that are controlled by a network of computers or nodes, 
each of which is linked and secured using cryptographic principles. The blocks are not owned by a single company. Because 

blockchain technology is immutable and decentralized, it offers a rapid, transparent, pseudo-anonymous solution that has 

completely altered identification, trust, ownership, and financial systems. This essay offers a thorough analysis of 

blockchain technology, emphasizing its underlying theories, historical context, and unexpected surge in popularity. The 

several blockchain consensus algorithms are also covered in the study. Subsequently, the study centers on the diverse 

application domains and potential cases of the technology of blockchain, along with the associated obstacles and concerns. 

The study also offers a few unusual applications for blockchain technology. The research also examines cutting-edge 

publications to offer a thorough synopsis of the different facets of blockchain technology across a range of industries. 

Blockchain technology is compared with traditional database systems, and the right situations when blockchain-based 

solutions might or might not work well are also covered. It also goes over some of the most notorious security lapses that 

have recently affected the blockchain sector. 

Taherdoost, H. (2023) [18] It is feasible to make the public execution of predefined processes transparent by employing 

intelligent contracts, which are simply scripts embedded in a decentralized fashion on blockchains as a or other comparable 

infrastructures. Smart contracts enable the automated execution of before manual business logic as well as the control of 

previously unrecognized assets, such as money. We examined blockchain smart contracts written with English translations 

from 2012 and 2022 as a result of this discovery. The journal is the exclusive domain for the research. The following are 

excluded: sessions, textbook chapters, theses, monographs, interviews-based works, reviews, and newspaper articles. 252 

publications published during the previous ten years with the keywords "smart contracts," "block-chain," and "blockchain" 

are included in this review. The current state and importance of smart contracts in blockchain technology are covered in 

this study. There has also been discussion of the shortcomings and difficulties present in the pertinent literature, with a 

focus on its limitations. These results have led to the identification of a number of research issues and potential directions 

for future investigation that are expected to be beneficial to scholars and practitioners. 

Han, H. (2023) [19] outlined in this paper examines the body of research on the potential effects of blockchain technology 
on auditing in general and AI-enabled auditing in particular. The goal is to find out how blockchain systems can enhance 

trust and transparency in accounting practices and how experts may utilize blockchain data to make better decisions based 

on the properties of shared, verified, immutable, append-only, and consensus-driven blockchain data. For artificial 

intelligence systems used by auditors, multi-party verification for blockchain protocol adds real-time reliable data to boost 

efficiency and certainty. The four themes that have emerged from the literature on how the use of blockchain technology 

has altered accounting record-keeping are summarized in this review: event-based accounting, real-time accounting, triple 

entry accounting, and continuous auditing. The study advances our understanding of how to use blockchain technology to 

reduce information asymmetry and enhance stakeholder cooperation by interpreting the results through the lenses of the 

theory of agency and stakeholder theory. The analysis clearly outlines the difficulties and makes clear why businesses 

should proceed cautiously when implementing blockchain. Last but not least, the study recommends that future researchers 

apply the themes and answers found in this review to enhance the business practices of practitioners and policymakers. 
Secondly, it encourages stakeholders, including practitioners alike, system designers/developers, and policymakers, to 

work together to create blockchain ecosystems that support accounting and auditing as they undergo digital transformation. 

Merlo, V. et al. (2023) [20] Information about Blockchain is a revolutionary technology that emerged in the last few years 

and is currently the subject of intense research for potential uses in a variety of fields. Given its features, the healthcare 

industry seems to be a highly appealing application domain for blockchain technology since it can provide the secure 

processing, sharing, and administration of sensitive patient data. In this work, we conduct a thorough analysis of research 

on the use of blockchain-based technologies in healthcare, with an emphasis on real-world applications. Our objective is 

to examine the state of the science at the moment in this particular subject, highlighting its shortcomings and potential 

advancements. Publications that meet specific predefined search criteria were gathered from Scopus, PubMed, and Web of 

Science by means of appropriate queries. The papers underwent analysis and were categorized into five primary groups 



 

according to the particular sub-domain that the applications were intended for. The conducted analysis made clear that the 

present focus of research is on data security and the usage of blockchain technology to implement electronic health records. 

However, there are still certain uncharted territories, such as those pertaining to the Internet of Things and the use of 

automated diagnostic systems. 

Table 1. Key findings by Literature Review 

Author(s) Year Objective Key Findings 

Ressi, D. et al. 
[11] 

2024 Examine how AI might 
be used into blockchain-

based applications to 

improve security and 

efficiency. 

Blockchain problems can be solved by AI, which will 
increase dependability, security, and efficiency for a 

range of uses, including data privacy and smart 

contracts. 

Akanfe, O. et al. 

[12] 

2023 Investigate the conflicts 

between blockchain 

technology and privacy 

regulations like GDPR. 

Identifies tensions between GDPR and blockchain 

features, proposing nine research propositions for 

achieving compliance and enhancing synergy. 

Farah, M. B. et 

al. [13] 

2024 Examine the impact of 

blockchain on the 

maritime industry and 

supply chain 

management. 

Offers a roadmap for integrating blockchain into 

maritime logistics to enhance transparency, traceability, 

and efficiency, while assessing current infrastructure. 

Govindan, K. et 
al. [14] 

2024 Provide a comprehensive 
review of blockchain 

applications in 

procurement. 

Identifies research gaps and offers recommendations for 
future studies on blockchain's role in Procurement 4.0, 

emphasizing its potential benefits. 

Onifade, M. et al. 

[15] 

2024 Discuss the application 

of blockchain in the 

mining and metals sector. 

Highlights blockchain's potential for transparency and 

ethical practices, focusing on conflict minerals tracking 

and operational improvements. 

Vaigandla, K. K. 

et al. [16] 

2023 Present an overview of 

blockchain technology 

and its diverse 

applications. 

Summarizes key characteristics and consensus 

protocols, illustrating blockchain's transformative 

impact on various industries. 

Tripathi, G. et al. 

[17] 

2023 Review the historical 

development and 

principles of blockchain 

technology. 

Discusses the evolution of blockchain, its decentralized 

nature, and compares it to traditional databases, 

addressing security challenges. 

Taherdoost, H. 

[18] 

2023 Analyze the significance 

and challenges of smart 
contracts in blockchain. 

Reviews 252 articles, identifying gaps in literature on 

smart contracts and suggesting future research 
directions. 

Han, H. [19] 2023 Explore how blockchain 

technology impacts 

accounting practices and 

AI-enabled auditing. 

Examines themes of transparency and trust in 

accounting, highlighting blockchain's role in improving 

decision-making and addressing information 

asymmetry. 

Merlo, V. et al. 

[20] 

2023 Conduct a systematic 

review of blockchain 

adoption in healthcare. 

Focuses on data security and electronic health records, 

identifying under-explored areas like IoT and 

automated diagnosis systems in healthcare applications. 

III. METHODOLOGY 

The development lifecycle and methodologies for the Blockchain-Enhanced Shipment Management and Tracking System 

(SMTS) incorporate best practices from both traditional software development and innovative blockchain application 

design. This system's complexity, which integrates blockchain with conventional IT systems and potentially AI 

components, necessitates a tailored approach to the development process.  

A. Implementation Considerations  

Data Quality and Availability: Ensuring high-quality data for AI training is essential; it must be accurately recorded and 

sufficiently detailed. The immutability of blockchain guarantees data integrity, which is crucial for the effectiveness of AI 

applications. 

Integration with Existing Systems: AI components must be seamlessly integrated with both blockchain and existing ERP 

or CRM systems. This integration requires maintaining data consistency across platforms and updating AI models as new 

data becomes available. 



 

Scalability: AI systems should be designed with scalability in mind to accommodate increasing data volumes and user 

requests as the system expands. Utilizing cloud-based AI services can help dynamically allocate resources based on 

demand. 

Privacy and Security: Addressing privacy concerns is critical; AI solutions must comply with data protection regulations, 

such as GDPR. Prioritizing secure AI processing and data storage will help protect sensitive information. 

Continuous Learning and Improvement: Mechanisms for continuous learning should be established, allowing AI models 

to evolve and improve over time based on new data and user feedback. This includes regular retraining of models and 

refinement of algorithms.  

Integrating AI components into the Blockchain-Enhanced Shipment Management and Tracking System significantly 

enhances its capabilities, enabling advanced data analytics, automated decision-making, and improved user interactions. 

Careful design and implementation of these integrations can lead to substantial gains in efficiency, security, and user 

satisfaction, ultimately revolutionizing the logistics and shipment management landscape. Structure Chart shown in Figure 

2. 

B. Structure Chart 

 
Fig. 2: Structure Chart 

C. Algorithms 

Algorithms Used in the Blockchain-Enhanced Shipment Management and Tracking System 

SHA-256 

SHA-256 (Secure Hash Algorithm 256-bit) is a cryptographic hash function used to ensure data integrity within the 

blockchain. Each block in the blockchain is hashed using SHA-256, producing a unique, fixed-size 256-bit hash value. 

This hash function ensures that any change in the block data results in a different hash value, making it easy to detect 

tampering. SHA-256 is essential for maintaining the immutability and security of the blockchain ledger. 

Simplified Hyperledger Fabric 

Hyperledger Fabric is an enterprise-grade, permissioned blockchain framework tailored for this project. It features smart 

contracts, or chain code, which automate and enforce business logic by executing transactions when predefined conditions 



 

are met, ensuring security and transparency. The framework operates on a permissioned network, allowing only authorized 

participants to join, thereby enhancing security and control. Additionally, Hyperledger Fabric offers pluggable consensus 

algorithms, enabling flexibility to meet specific network requirements, which in turn improves scalability and performance. 

Class Diagram shown in Figure 3. 

Blockchain Technology 

The underlying blockchain technology offers a decentralized and immutable ledger for tracking shipments, featuring 

essential components such as a distributed ledger and peer nodes. The ledger records all transactions in a tamper-evident 

manner, with each transaction appended sequentially to the blockchain. Peer nodes maintain copies of this ledger and 

participate in the consensus process, ensuring redundancy and decentralization, which enhances the reliability and security 

of the shipment tracking system. 

These algorithms and technologies collectively enhance the security, transparency, and efficiency of the Shipment 

Management and Tracking System, ensuring robust and reliable logistics operations. 

D. Diagrams  

UML (Unified Modeling Language) diagrams are used to visually represent the structure, behavior, and relationships of 

various components in a system. The following UML diagrams may be relevant: 

 Class Diagram: The class diagram would be used to represent the classes within system, their attributes, methods, 

and the relationships among the classes. 



 

 
 

Fig 3: Class Diagram 

The class diagram provided represents the object-oriented structure for a Blockchain-Enhanced Shipment Management 

and Tracking System. Each rectangle in the diagram represents a class, which is a blueprint for objects within the system. 

The diagram outlines the attributes (properties) and methods (functions or behaviors) of these classes. The relationships 

between the classes are also shown. 

The system consists of several interconnected classes that define its functionality. The User class manages user details and 

login functions, owning both Products and Shipments. The Product class encompasses attributes such as ID, name, and 

price, with methods for listing and updating products, linking to associated shipments. The Shipment class tracks shipment 

details and status and is directly connected to Shipment History for tracking updates. The Blockchain class includes block 



 

attributes and methods for validating transactions, serving as the system's backbone. Lastly, the SmartContract class defines 

the terms of contracts related to products, executing and validating conditions. Together, these classes ensure seamless 

management of shipments and transactions within the system. State Chart Diagram shown in Figure 4. 

This class diagram is an abstraction that represents how different entities within the system are related and interact with 

each other. For instance, it shows that the user interacts with products and shipments, and that both the shipment and its 
historical data are influenced by the actions taken within the blockchain network, possibly through smart contracts. The 

methods in each class are actions that can be taken on the data, such as updating profiles or logging shipment updates, 

while the relationships between the classes define how the system's entities are interconnected. 

 State Chart Diagram: Represents the states and state transitions of objects or components in the system, such as the 

state transitions of a federated learning process. 

 

Figure 4: State Chart Diagram 



 

The state chart diagram illustrates the various states a shipment order might go through in the Blockchain-Enhanced 

Shipment Management and Tracking System, from order creation to delivery confirmation. Here's a breakdown of the 

diagram. 

The order process begins with the creation of an order, which then undergoes validation, involving checks for integrity and 

fraud. If validated, it moves to schedule a pickup; if not, it may enter a cancellation state. Once scheduled, the shipment 
transitions to "In Transit," moving through various facilities for temporary storage and maintenance checks, culminating 

in unloading and a final quality check at the destination facility. The package is then loaded for delivery and reaches either 

the "Delivered" or "Shipment Lost" state. Upon delivery, the customer confirms receipt, and this confirmation is recorded 

on the blockchain. Finally, customers have the opportunity to provide feedback on their delivery experience, contributing 

to service improvement. Sequence Diagram shown in Figure 5. 

Throughout the process, there are states indicating the potential loss of a package. These may trigger different actions, like 

initiating a search process or compensating the customer, and these events would also be recorded on the blockchain for 

transparency and traceability. 

 Sequence Diagram: Illustrates the sequence of interactions between different components or objects in the system. 

 

Figure 5: Sequence Diagram 

The sequence diagram provided depicts the interactions between the consumer, the system interface, the blockchain 

network, and the smart contract within the Blockchain-Enhanced Shipment Management and Tracking System. Here's an 

explanation of each step in the sequence. 

The process begins when a consumer requests the current status of their shipment through the system interface. The system 
queries the blockchain to retrieve the latest shipment data, executing a smart contract to fetch the information. Once the 

shipment details are received, they are displayed to the consumer in real-time. Upon receiving the shipment, the consumer 

confirms receipt via the interface, which initiates a transaction to update the shipment status on the blockchain. Another 

smart contract validates this transaction and updates the status in the blockchain ledger. The system then confirms the status 

update to the consumer, ensuring that all changes are securely logged in the immutable blockchain. This streamlined 

process highlights how blockchain technology, facilitated by smart contracts, enhances the security and efficiency of 

tracking and verifying shipment statuses. Dataflow Diagram shown in Figure 6. 



 

 Data Flow and Processing Diagram: Describes the flow of data and processing steps in the system, including how 

data is collected, pre-processed, trained on, and evaluated. 

 

Figure 6: Dataflow Diagram 

The data flow and processing diagram for the Blockchain-Enhanced Shipment Management and Tracking System 

illustrates the movement and processing of data between various system components from the perspective of different users 

and systems. Here’s a detailed explanation of each component and the data flow represented in the diagram. 

The system comprises several interconnected components that facilitate user interaction and data management. The User 

Interface serves as the primary interaction point, allowing users—such as customers, logistics providers, and admins—to 

input data like shipment requests and tracking queries, and receive responses such as shipment statuses or analytics. An 
API Gateway acts as a bridge between the User Interface and the Application Layer, processing user requests and relaying 

responses back to the interface. The Application Layer serves as the central processing hub, handling request logic and 

interacting with both the Blockchain Network and External ERP/CRM Systems to manage data. The Blockchain Network 

underpins the system's security and integrity, recording all shipment-related transactions in the Blockchain Ledger, which 

serves as a tamper-evident storage. An AI & Analytics Engine analyses data using algorithms for predictive analysis and 

anomaly detection, informing inventory management decisions. The Inventory Management subsystem utilizes insights 

from the AI engine for stock and ordering decisions, while External ERP/CRM Systems ensure that data remains current 

and accurate. Finally, the Admin Dashboard enables system administrators to monitor performance and security, receiving 

reports and alerts from the Application Layer and the AI & Analytics Engine. 

V. RESULTS AND DISCUSSION 

 

  



 

  

  

Fig 7: Result from the analysis 

Testing strategies and methods for a Blockchain-Enhanced Shipment Management and Tracking System (SMTS) 

encompass various techniques to ensure the system is reliable, secure, and meets the specified requirements. Result from 

the analysis shown in Figure 7. Testing is multi-faceted due to the integration of blockchain technology, IoT devices, AI 

algorithms, and traditional software components. 

A. Testing Strategies 

The testing process for the system encompasses several key stages to ensure its reliability and performance. Unit Testing 

involves testing individual components, such as functions and smart contracts, in isolation to confirm they work as 

intended, with particular emphasis on smart contracts due to blockchain's immutable nature. Integration Testing checks 

how various parts of the system interact, including the user interface and API endpoints. System Testing verifies that the 

fully integrated software meets specified requirements, often in a production-like environment. Performance Testing 

assesses the system's response under varying demand levels, crucial for real-time components and blockchain transactions. 

Security Testing identifies vulnerabilities, employing penetration testing and automated scanning tools. User Acceptance 

Testing (UAT) engages actual end-users to ensure the system aligns with their needs through real-world scenarios. 

Regression Testing follows updates or bug fixes to confirm that existing functionalities remain unaffected. Finally, Load 

Testing evaluates the system's capacity to manage specific transaction volumes, user loads, or data processing over time. 

B. Testing Methods 

The testing strategy for the system includes a combination of automated and manual approaches to ensure robust 

functionality and security. Automated Testing integrates with a CI/CD pipeline for efficient, repeatable tests, while Manual 

Testing allows for exploratory scenarios that are challenging to automate. Static Code Analysis evaluates the source code 

for potential issues without execution. Test-Driven Development (TDD) emphasizes writing tests before coding, 

particularly useful for smart contracts, while Behavior-Driven Development (BDD) focuses on user-centric functionality. 

Simulations and Modeling replicate real-world scenarios to assess system responses and Mocking and Stubbing simulate 

unavailable components during early testing. Stress Testing evaluates system resilience under extreme conditions, and 
Contract Testing ensures adherence to defined agreements among microservices. Compatibility Testing checks 

functionality across various devices and browsers, and Data Migration Testing ensures accurate data transfer when 

transitioning from legacy systems to the new system. 

Testing should be iterative and continuous, allowing for the incremental improvement of the SMTS. The aim is to build 

confidence in the system's functionality, performance, and security before rolling it out to end-users. A well-structured 

testing strategy is crucial for identifying issues early and ensuring the system's long-term success and reliability. 

In a Blockchain-Enhanced Shipment Management and Tracking System (SMTS), results analysis and interpretation focus 

on assessing the effectiveness, efficiency, and reliability of the system based on collected data and performance metrics. 

Given the limited information specific to actual operational results, here's a hypothetical approach to understanding how 

such a system could be analyzed and what the results might indicate: 



 

C. Results Collection 

For an SMTS, results are typically gathered from several key areas: blockchain transactions, where metrics such as 

transaction speed, cost, throughput, and block size offer insights into platform performance; system usability and user 
feedback, assessed through surveys, user testing sessions, and analytics on interaction patterns; AI model performance, 

evaluated through accuracy, precision, recall, and F1-scores for predictive models; and operational efficiency, measured 

by delivery times, error rates in shipment handling, and resource utilization rates. Together, these metrics provide a 

comprehensive view of the system's effectiveness and user experience. 

D. Analysis Methods 

The analysis typically involves comparing results against predefined benchmarks or objectives using various methods. 

Statistical analysis helps identify trends and assess the significance of changes, while comparative analysis evaluates the 

SMTS performance against previous systems or industry standards to pinpoint improvements or areas needing attention. 

Cost-benefit analysis assesses the economic impact by weighing implementation and operational costs against financial 
benefits, and root cause analysis investigates underlying issues in cases of failure or subpar performance. Interpretation of 

results focuses on their implications for system objectives: high transaction speeds and low costs validate blockchain 

efficiency; positive user feedback indicates a well-designed interface; high predictive accuracy in AI models highlights the 

value of AI integration; and reductions in delivery times and error rates signal successful operational improvements. 

E. Reporting 

The final step is to report findings in a way that is actionable for stakeholders at various levels. This includes providing 

executive summaries that offer top-line insights and strategic implications for high-level decision-makers, along with 

detailed reports that present in-depth analyses and data for operational teams to refine processes. Additionally, real-time 

visual dashboards can display key metrics for ongoing monitoring and quick decision-making. Case studies and white 
papers can also be used to document implementation outcomes, sharing best practices and lessons learned for broader 

application. In an SMTS, the analysis and interpretation of results are crucial for validating the effectiveness of blockchain 

technology and AI integration in improving logistics and shipment tracking. This process helps stakeholders understand 

the benefits, address the shortcomings, and identify opportunities for further enhancements. The systematic evaluation of 

results ensures that the SMTS continues to evolve and adapt to changing business needs and technological advancements. 

 

V. CONCLUSION 

The Blockchain-Enhanced Shipment Management and Tracking System (SMTS) successfully addresses critical challenges 

in the logistics industry by leveraging blockchain technology to improve transparency, security, and efficiency. Through 

the use of an immutable, decentralized ledger and smart contracts, the system enhances real-time shipment tracking, 

automates processes, and reduces operational costs, while also increasing trust among stakeholders and ensuring 
compliance with regulatory standards. Despite the benefits, including reduced fraud and more accurate data, the integration 

of blockchain with existing systems presents challenges, such as complexity and potential latency in real-time processing. 

Future improvements could focus on optimizing these integrations and incorporating AI for enhanced decision-making and 

performance. Overall, this project demonstrates the transformative potential of blockchain in revolutionizing shipment 

management and improving global logistics operations. 
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