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With the advancement of distributed digital technology, the fashion supply chain management system is 
undergoing unprecedented transformations. Given the expansion and rapid iteration of the fashion industry, 
traditional supply chain management models struggle to adapt to the volatile market changes. In this context, 
small and medium-sized enterprises (SMEs), which are integral components of the fashion supply chain, often 
face significant market pressure, leading to losses and even bankruptcy, which in turn causes delays across the 
entire supply chain. Thus, there is an urgent need for these businesses to adopt new technologies to reduce 
risks and achieve profitability. Although there have been attempts to introduce blockchain technology into the 
fashion supply chain, most of these efforts are still in the preliminary stages, with operations continuing to 
follow old methods. Therefore, this study aims to introduce an evaluation mechanism into the fashion supply 
chain, encouraging a collective maintenance of interests among SMEs. The main contribution of this paper 
includes the introduction of a set of innovative management evaluation mechanisms and collaboration models 
for SMEs in the fashion supply chain, with the goal of securing their rights to autonomous pricing and promoting 
healthy competition in the forthcoming Web 3.0 era. We implemented the enterprise-level consortium blockchain 
framework, Hyperledger Fabric. Through testing, it has been proven that the platform is effective and usable in 
ensuring data integrity and source transparency.

1. Introduction

The fashion industry has always been an integral part of human 
society and cultural change. Globally, due to diverse consumer de

mands, advancements in fashion and textile technology, and the rise of 
e-commerce, the fashion market has been experiencing robust growth. 
The annual growth rate (CAGR 2023--2028) of fashion revenue is pro

jected to be 8.67%, with the market size expected to reach $1,062 billion 
by 2028. This indicates that it has long been one of the most dynamic 
sectors among consumer goods. As a consumer product, clothing is a 
typical example of participating in market competition marketing mod

els, with consumer demand driving market development. In the modern 
fashion market, independent production and sales can no longer meet 
the rapidly developing market and ever-changing customer needs [1]. 
To maintain long-term competitive advantage in this highly competi

tive environment, many leading fashion brands have begun to reeval

uate and optimize their supply chain strategies [2]. They recognize 
that strengthening core businesses and outsourcing non-core businesses 
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through strategic partnerships are key strategies. This not only involves 
contracting non-critical processes such as design, manufacturing, and 
the procurement of fabrics and accessories to specialized companies 
but also emphasizes the importance of establishing stable and mutu

ally benficial partnerships in this process. This strategy allows brands 
to focus on their core strengths, such as brand building, marketing, and 
customer experience, while ensuring that other supply chain processes 
achieve high-e˙iciency and high-quality products through collaboration 
with specialized companies. For instance, outsourcing product design 
to creative design firms and generative AI [3] can keep brands updated 
with the latest fashion trends; partnering with excellent manufactur

ers ensures product quality and production efficiency; and relying on 
reliable fabric suppliers ensures that the texture and comfort of prod

ucts meet high standards. Moreover, this collaborative approach not 
only enhances efficiency and flexibility but also enables brands to re

spond more quickly to market changes, reduce inventory backlogs, and 
lower costs. Additionally, it transfers some uncertainties and risks to 
other suppliers, requiring them to share some of the risks and respon
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sibilities, thus controlling overall costs. Therefore, in today’s globalized 
and consumer-driven fast-changing market, flexible and collaborative 
supply chain management is crucial for brands to ensure supply chain 
stability and reliability and achieve sustainable growth.

In recent years, blockchain technology has played a significant role 
in fashion supply chain management. As consumers increasingly focus 
on sustainability and ethical standards, they demand more transparency 
from brands regarding product origins, labor conditions during pro

duction, and environmental impact [4]. This trend highlights the im

portance of supply chain transparency, and blockchain, along with the 
Internet of Things (IoT) technologies are becoming key tools for enhanc

ing this transparency and ensuring real-time data sharing at every node 
of the supply chain [5]. The application of these technologies is cru

cial not only for consumers to make well-informed purchasing decisions 
but also for improving data quality across the industry. Blockchain en

sures the accuracy and reliability of information by making transaction 
conditions and execution processes transparent, significantly reducing 
the ‘bullwhip effect’ in the fashion supply chain, and promoting flexibil

ity in inventory management, thereby reducing overstock. Furthermore, 
trust issues have long been a major challenge in fashion supply chain 
management, especially in the context of numerous trading companies 
operating globally [6]. The introduction of smart contract technology 
has not only significantly increased the automation of contract execution 
and reduced disputes, but also provided an effective solution for small 
and medium-sized enterprises (SMEs) in the supply chain to strengthen 
partnerships and resolve issues related to benfit distribution. How

ever, current solutions to these challenges are often developed from the 
perspective of brands or supply chain managers. In today’s flourishing 
fashion market, more attention should be directed towards the SMEs 
within the supply chain, such as independent design companies, raw 
material suppliers, manufacturing enterprises, and distribution service 
providers. Focusing on the interests of these entities can not only en

hance the efficiency and responsiveness of the entire supply chain but 
also help steer the industry in a more sustainable direction. Therefore, 
adapting operational strategies to fit new fashion supply chain collabo

ration (FSCC) schemes in the era of Web 3.0 and Industry 4.0 is crucial 
for promoting the healthy and sustainable development of the entire 
industry.

In the modern fashion market environment, the primary challenge 
for SMEs is to improve their competitiveness and profitability [7]. Lack

ing the substantial financial resources and extensive customer base of 
large corporations, SMEs must exert greater effort in cost control, partic

ularly when dealing with issues such as inventory buildup, risk manage

ment [8], and the bullwhip effect [9]. Moreover, the issue of trust poses 
a significant challenge that SMEs cannot afford to overlook. Compared 
with well-established large companies, SMEs often lack the credibility 
and reputation that come with longevity, putting them at a disadvan

tage when seeking partners [10]. To address these challenges, this study 
proposes the development of a blockchain-based management platform 
designed specifically for SMEs within the global fashion supply chain�-

referred to as the ‘FashionChain’. FashionChain ensures transparent 
records of all transactions and partnerships, providing a fair and ver

ifiable rating system that allows parties to evaluate each other based on 
the quality of their services. Key operational data, such as delivery times, 
order quantities, and transaction amounts, are securely recorded on the 
blockchain, offering a reliable source of information for all participants 
and serving as a historical basis for assessing collaboration effectiveness 
and operational efficiency. By implementing FashionChain, SMEs can 
not only enhance their credibility within the supply chain and assert 
greater autonomy over pricing but also leverage shared data to gain 
insights into market trends and potential collaboration opportunities, 
thereby optimizing their production capabilities and risk management 
strategies. The platform aims to provide SMEs with equitable opportuni

ties to compete in the global fashion supply chain, reducing operational 
costs and risks while fostering innovation and collaborative efficiency 

across the industry, ultimately driving the fashion sector toward a more 
sustainable and mutually benficial future.

The rest of this paper is organized as follows: Section 2 introduces 
FSCC and operational strategies, the application and management of 
evaluations, and the latest advancements in blockchain technology. Sec

tion 3 details the research methods of this study and the core of the 
new collaboration solution—information flow transformation. Section 4
presents the design and implementation of the blockchain-based fash

ion supply chain management platform. Section 5 presents the research 
results. Furthermore, various tests are conducted on the platform us

ing relevant tools, then the test results are discussed. Finally, Section 6
summarizes the work and outlines potential future research directions.

2. Related work

2.1. Collaboration and operational strategies

FSCC refers to a management approach where all parties within the 
supply chain (such as raw material suppliers, fashion design companies, 
manufacturers, distributors, retailers, and logistics service providers) 
share information, resources, and risks, and sign cooperative agree

ments to respond to market competition and environmental changes, 
thereby achieving common profit goals [11]. Common classic collab

oration models include vertical collaboration [12] and horizontal col

laboration [13]. Vertical collaboration refers to the close cooperation 
between upstream and downstream enterprises in the supply chain. 
Through information sharing, joint planning, and collaborative innova

tion, it optimizes the efficiency and responsiveness of the supply chain 
from top to bottom. Horizontal collaboration refers to the cooperation 
between enterprises at the same level within the supply chain. By shar

ing resources, technologies, and market information, it enhances overall 
efficiency and competitiveness. The digital transformation of modern 
information technology has given rise to more derived collaboration 
models, such as platform collaboration and agile supply chain collabo

ration [14]. These new models utilize advanced technological means to 
further enhance the flexibility and responsiveness of the supply chain, 
enabling all parties to adapt more quickly to market changes and de

mand fluctuations.

There is a complementary relationship between collaboration mod

els and operational strategies, with each typical operational strategy in 
the fashion supply chain having its own advantages and shortcomings. 
For instance, lean production strategies can effectively reduce material 
costs and waste, improve quality and production efficiency, but they 
require high initial investment and are highly dependent on the col

laboration model of the supply chain (such as enterprises suitable for 
vertical collaboration), with low-risk diversfication. Agile supply chains 
require investment in information systems, technology, and infrastruc

ture to achieve rapid response and flexible adjustment. However, high 
costs may increase the financial burden on enterprises, especially SMEs. 
Additionally, agile supply chains face more variables and uncertainties, 
including frequent adjustments in material supply, logistics, and pro

duction planning. Vertical integration strategies improve control and 
efficiency by managing multiple supply chain links, but they also require 
substantial investment and complex management. Despite the advan

tages and disadvantages of these strategies, selecting an appropriate 
collaboration model can optimize the overall performance of the sup

ply chain [15].

• Zara [16,17]: Through vertical collaboration and lean production 
strategies, Zara has successfully built a highly flexible and efficient 
supply chain system. The vertical collaboration model allows Zara 
to integrate various supply chain segments tightly and respond to 
market demands quickly. Lean production strategies, by reducing 
waste, ensuring quick turnover, and implementing flexible produc

tion plans, enable small batch production and efficient operations 
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with strong market adaptability. The combination of these strate

gies has allowed Zara to maintain a leading position in the highly 
competitive fashion market.

• H&M [18]: By employing a multi-supplier strategy, an efficient lo

gistics network, demand-driven production models, and sustainable 
development strategies, H&M has established an efficient, flexible, 
and sustainable supply chain system. The fast fashion strategy en

ables H&M to quickly transform the latest fashion trends into prod

ucts and rapidly bring them to market. These collaboration models 
and operational strategies help H&M maintain a competitive edge in 
a fast-changing market environment, continuously meet consumer 
demands, and fufill social responsibilities, thereby promoting the 
long-term healthy development of the company.

• Shein [19]: Adopting an ultra-fast fashion strategy, Shein has 
achieved rapid design, production, and delivery through an ex

tremely flexible supply chain and data-driven decision-making 
model. Shein can turn designs from concept to finished products 
in just a few days, swiftly responding to market trends and con

sumer demands. This strategy relies on efficient production pro

cesses and a global logistics network to ensure optimized inventory 
management and quick delivery. By utilizing big data and artfi

cial intelligence technologies, Shein accurately predicts consumer 
preferences, enhances supply chain efficiency, and boosts customer 
satisfaction, thus quickly rising in the highly competitive fast fash

ion market.

These case studies usually involve large brand companies with scales 
in the tens of billions. However, for SMEs in the fashion industry, it is 
difficult to adopt similar collaboration models and operational strate

gies due to a lack of substantial production capital [20]. Ho et al. [21]

pointed out that collaboration remains the most challenging part of the 
modern fashion supply chain, with many supply chain collaboration ini

tiatives ultimately ending in failure. The instability and unpredictabil

ity of market demand expose fashion product supply chain systems to 
high risks. Poor supply chain operational strategies have even led to 
dramatic fluctuations in the price of raw cotton, causing catastrophic 
consequences and the collapse of many companies.

Jia et al. [22] pointed out that innovation in business models often 
needs to be combined with new supply chain management collabora

tion models. Aligning the supply chain decisions of independent entities 
with their respective independent goals is a major challenge in supply 
chain management [23]. This challenge becomes even more severe in 
the presence of information asymmetry. Information asymmetry pre

vents parties from fully understanding the dynamics of the entire supply 
chain, hindering optimal decision-making, and further increasing the 
complexity of management [24]. Currently, there is a lack of a flexible 
and effective supply chain collaboration model that can help SMEs effi

ciently acquire information to mitigate risks while also reducing costs.

2.2. Evaluation management

Evaluation is a crucial step in measuring and providing feedback on 
the quality of goods and services [25]. Evaluation management involves 
a comprehensive assessment and analysis of performance. For instance, 
in food safety production, automated detection systems monitor chem

ical safety health indicators to ensure products meet safety standards. 
After the sale of goods, e-commerce platforms like Alibaba and Ama

zon request evaluation information from buyers, including seller service, 
communication, and product quality. These evaluations, through detec

tion, monitoring, and user feedback, help optimize and enhance service 
content based on preset indicators.

In fashion supply chain management, evaluation management is 
widely used for sustainability management and supplier performance 
evaluation in vertically integrated supply chains. Typically, these sys

tems are controlled and recorded by a central server, ensuring central

ized data management and analysis [26]. Through such systems, com

panies can promptly obtain feedback on supplier performance, product 
quality, and service levels, and make improvements accordingly [27]. 
For example, fashion brand companies can use evaluation management 
systems to assess the delivery punctuality and quality stability of fab

ric suppliers, thereby deciding whether to continue the collaboration or 
seek new suppliers. However, for decentralized SMEs in the fashion in

dustry, using such centralized evaluation methods is challenging. This 
predicament not only affects the transparency of the supply chain but 
also increases the level of risk faced by SMEs [28]. SMEs often lack the 
resources and technology to establish and maintain complex evaluation 
management systems, thus necessitating a flexible, low-cost, and easy

to-implement decentralized evaluation management model to enhance 
supply chain transparency and reliability and reduce operational risk.

2.3. Blockchain

Blockchain technology was first proposed by Satoshi in 2008 and 
was applied in Bitcoin transactions. Through distributed ledger and 
consensus mechanisms, this technology achieves decentralized peer

to-peer transactions, addressing trust and transparency issues in tra

ditional financial systems. With the development of blockchain tech

nology, Ethereum introduced smart contracts, expanding blockchain 
applications to decentralized applications (DApps). In recent years, 
there have been significant advancements in blockchain research and 
applications. Cross-chain technology [29] has achieved interoperabil

ity between different blockchain networks, and the inclusion of zero

knowledge proofs [30,31] has enhanced transaction privacy. In the 
healthcare sector, blockchain technology is used to manage electronic 
health records (EHR) [32,33], improving data transparency and se

curity. In food safety, large retailers like Walmart have begun using 
blockchain technology to track the origin and distribution of food [34], 
allowing consumers to easily trace the production and transportation 
processes of food, thus ensuring its safety and quality and increasing 
consumer cofidence. Similarly, in the realm of business collaboration, 
blockchain technology has led to unprecedented breakthroughs [35,36].

In the fashion industry, blockchain technology is applied primarily to 
enhance transparency, traceability, operational efficiency, and sustain

ability [37]. Traditional fashion supply chain management often faces 
issues of information asymmetry and a lack of trust. Blockchain technol

ogy, through distributed ledgers and immutable records, provides an 
effective solution. For example, the LVMH group developed the Aura 
blockchain platform to verify the authenticity of luxury goods [38]. 
H&M collaborated with TextileGenesis to ensure that its sustainable 
fabrics comply with sustainability standards throughout the product life

cycle [39].

Currently, blockchain technology faces the well-known ‘impossible 
triangle’, which means that decentralization, security, and scalability 
cannot be optimized simultaneously [40]. The blockchain community 
has categorized blockchains into three different types to meet varying 
market demands for security, privacy, efficiency, and control levels.

• Public blockchains [41]: Public blockchains emphasize decentral

ization and security but face challenges in scalability. For example, 
Bitcoin provides high security and complete decentralization, but 
its consensus mechanism (such as Proof of Work) results in slow 
transaction processing speeds, making large-scale expansion ex

tremely difficult.

• Consortium blockchains [42]: Consortium blockchains attempt to 
balance decentralization and security while also improving scalabil

ity to some extent. Managed by multiple organizations, consortium 
blockchains maintain data security and transparency while effec

tively handling transactions. Although they are not as decentral

ized as public blockchains, their comprehensive performance makes 
them an ideal choice for multi-party collaborative applications.

• Private blockchains [43]: Private blockchains focus on security and 
scalability at the expense of decentralization. Controlled by a single 
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Fig. 1. Research methodology overview. 

Fig. 2. Information and material flows in the fashion supply chain. 

organization, private blockchains can efficiently process large vol

umes of transactions, ensuring data privacy and security. However, 
due to the lack of decentralization, they are weak in data trans

parency and resistance to censorship.

3. Methodology

3.1. Research methodology

Fig. 1 illustrates the research methodology of this study. As discussed 
in the previous section, we first conducted a comprehensive review of 
related research, finding that most case studies on collaboration mod

els focus on large fashion brands. SMEs in the fashion supply chain 
struggle to derive direct improvement suggestions from these studies. 
These SMEs face unique challenges that large enterprises do not, such 
as information asymmetry, lack of transparency, and delayed market 
information. Additionally, due to their smaller scale and limited funds, 
they find it difficult to adopt the same collaboration strategies as large 
fashion enterprises. In blockchain-based applications within the fashion 
supply chain, related studies on improving operational efficiency mainly 
focus on platform digital transformation and product life-cycle tracking. 
Therefore, the goal of this study is to address the actual needs of SMEs 
in the fashion supply chain by utilizing blockchain technology to estab

lish a contract-based evaluation management system, thereby providing 
them with a reliable supply chain collaboration solution.

After establishing the research objectives, we started our investiga

tion with the information flow in the fashion supply chain. Information 

flow is the core of supply chain management, encompassing the trans

mission and processing of all information from raw materials to the final 
product. By studying information flow, we can better understand how 
the various stages of the supply chain collaborate, thereby identifying 
potential bottlenecks and improving efficiency.

3.2. Information flow and collaboration

The collaboration model of the fashion supply chain determines the 
operation of its information and material flows. Fig. 2 on the right side 
illustrates the classic collaboration model in the fashion supply chain, 
where the brand company is the core, centrally leading its collaborat

ing supply chain partners. In this classic collaboration model, bidirec

tional information flow occurs only between the brand company and 
the independent design companies and sales departments, whereas for 
distributors, raw material suppliers, fabric manufacturers, and garment 
manufacturers, the information is transmitted in a unidirectional chain. 
After multiple layers of information transmission, the material flow be

gins to feedback layer by layer. The disadvantages of this model include 
slow information transmission, which easily leads to the bullwhip effect, 
contrary to the rapidly changing trends in modern fashion, indirectly 
causing inventory backlogs and financial breaks.

Fig. 2 on the left side shows the proposed modfied collaboration 
model and information flow process of this study. In the envisioned col

laboration model, all information flows are bidirectional and stored in a 
decentralized manner, and material flows can be changed or interrupted 
at any time. Thus, all companies can view supply chain information and 
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dynamics in real-time and flexibly arrange their production capacity and 
expectations based on this information. After each collaboration, both 
parties to the contract can submit evaluations based on the quality of 
service provided by the other party. Moreover, other companies in this 
collaboration model can consider potential partners based on the evalua

tions of public contracts, paving the way for subsequent communication 
and production.

Compared to the classic collaboration model, the advantages can be 
summarized as follows:

Decentralization: Maintained by numerous SMEs, eliminating depen

dence on a single-brand company. It promotes fairer and more trans

parent collaboration.

Operational Efficiency: Rapid information updates significantly improve 
operational efficiency between companies. All supply chain participants 
can access and share information in real-time, reducing the risks asso

ciated with information delays and inaccuracies.

Openness: New companies can join the system at any time after regis

tration and certfication, enhancing the flexibility and adaptability of 
the supply chain. Both emerging companies and small enterprises can 
equally participate in the supply chain. Additionally, as the number of 
participating companies increases, it broadens potential collaboration 
opportunities benficially.

Evaluation System: As a primary feedback mechanism, it helps moni

tor and improve service quality while providing foundational data for 
future potential collaborations. The evaluation data recorded on the 
blockchain ensure fairness and immutability, enhancing trust among all 
parties.

4. Prototype system design and implementation

4.1. Functional requirements

4.1.1. Roles in the fashion supply chain

The fashion supply chain involves multiple stages from design, pro

duction, and distribution, to retail. It is necessary to develop correspond

ing application scenarios and service functions based on these roles’ 
characteristics and functions.

• Fashion brand companies: Fashion brand companies collaborate 
with designers to develop new products, conduct market research to 
formulate and execute marketing strategies, select and manage sup

pliers, ensure product quality, and maintain a stable supply chain. 
They manage sales through multiple channels and provide high

quality customer service, handling customer feedback and com

plaints to enhance customer satisfaction and loyalty.

• Fashion designers: Fashion designers transform fashion trends and 
market demands into specific design plans, creating attractive and 
commercially valuable fashion products. They study market trends 
and consumer preferences, create design drawings and technical 
specfications, and select appropriate fabrics, colors, and acces

sories. Designers work with brand companies and sample-making 
teams to ensure the feasibility and final effect of the designs.

• Raw material suppliers: Raw material suppliers provide various raw 
materials needed for fashion production, such as cotton, wool, yarn, 
and dyes. They are responsible for procuring high-quality raw ma

terials, managing inventory to ensure timely supply, and avoiding 
production interruptions. Suppliers conduct quality inspections to 
ensure that materials meet technical specfications and quality stan

dards and deliver raw materials on time.

• Fabric manufacturers: Fabric manufacturers process raw materials 
into fabrics, via processes such as spinning, weaving, dyeing, and 
finishing. They develop production plans, implement process con

trols, and conduct rigorous quality inspections to ensure the quality 
and consistency of fabrics. Fabric manufacturers also manage inven

tory to maintain a stable supply chain without overstocking.

• Garment manufacturers: Garment manufacturers turn design drafts 
into final products, including cutting, sewing, processing, and as

sembly. They develop production plans based on order require

ments, execute cutting and sewing processes, implement compre

hensive quality management systems, and conduct quality inspec

tions to ensure timely delivery and meet customer delivery require

ments.

• Distributors: Distributors transfer garments from manufacturers to 
retailers or directly to consumers, helping fashion brand companies 
manage product storage, transportation, and distribution. Based on 
market demand and competition, they provide reasonable pricing 
suggestions to fashion brand companies to ensure product competi

tiveness. By analyzing sales data and market demand, they optimize 
inventory levels, avoid overstocking or shortages, and improve sup

ply chain efficiency.

4.1.2. Scenarios and service functions

1. Company Information Company information not only helps build 
trust among enterprises at various stages but also enhances the trans

parency and efficiency of the supply chain. By sharing company infor

mation, each role within the supply chain can better understand the 
qualfications, capacity, and operational status of its partners, enabling 
more informed decisions, optimized partnerships, and reduced risks as

sociated with information asymmetry.

New enterprise registration: New enterprises joining the supply 
chain platform need to register and provide detailed company informa

tion, including company name, address, contact details, and qualfica

tion certificates. This ensures the legality and qualfications of the new 
member companies.

Enterprise qualfication query: Enterprises within the supply chain 
can query the qualfication information of their partners at any time, 
such as business licenses, certfication certificates, and credit ratings. 
This helps in selecting suitable partners and reducing collaboration risk.

Real-time dynamic query: Enterprises can query real-time dynamic 
information about their partners, including capacity schedules, produc

tion progress, and inventory status. This enhances the transparency and 
response speed of the supply chain, ensuring smooth production plan

ning and collaboration.

2. Product Information Product information helps enterprises at vari

ous stages better coordinate and cooperate, improving production effi

ciency and reducing errors and waste. By sharing product information, 
each role within the supply chain can understand product specfications, 
quality standards, production progress, and inventory status, optimiz

ing production planning and supply chain operations, and increasing 
customer satisfaction.

Product information entry: At different stages of product develop

ment and production, enterprises need to enter detailed product in

formation, including product specfications, materials, production pro

cesses, and quality standards.

Product information query: Enterprises within the supply chain can 
query detailed product information at any time, including production 
progress, inventory status, and quality inspection reports.

Product traceability: By recording and tracking the flow of products 
within the supply chain, enterprises can achieve product traceability 
and understand the specifics of each stage. This enhances product trans

parency and traceability, ensures product quality, and boosts consumer 
trust.

3. Evaluation Information Evaluating the performance of each supply 
chain stage and partner improves supply chain transparency and coop

eration efficiency, helping enterprises optimize decisions and improve 
service quality. Sharing evaluation information allows each role within 
the supply chain to understand the reliability and performance of their 
partners, select suitable partners, reduce risks, and enhance the overall 
competitiveness of the supply chain.
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Evaluation information entry: After each collaboration or order com

pletion, roles within the supply chain need to enter evaluation infor

mation about their partners, including scores and comments on quality, 
delivery, and response speed. This records collaboration experiences and 
provides reference data to help enterprises make more informed deci

sions.

Evaluation information query: Enterprises can query the historical 
evaluation information of their partners at any time to understand their 
performance and reliability. This helps in selecting suitable partners and 
optimizing supply chain collaboration.

Evaluation analysis and reporting: By analyzing evaluation informa

tion, detailed performance reports can be generated, which can help 
enterprises identify strengths and weaknesses within the supply chain. 
This improves service quality and enhances overall supply chain effi

ciency.

4.2. Non-functional requirements

In the fashion supply chain management platform, non-functional 
requirements ensure that the system not only performs its intended func

tions but also operates efficiently, reliably, and securely in real-world 
environments. These requirements cover several key aspects, includ

ing performance, reliability, security, maintainability, and deployabil

ity. Performance and reliability need to be validated through testing, 
whereas security and ease of maintenance and deployment must be ad

dressed during the system design phase.

1. Performance Requirements

High concurrency handling: The platform should handle at least 200 
concurrent transaction requests per second during peak usage periods, 
ensuring that all participants’ transactions and queries are processed 
promptly. This is especially important during seasonal fashion changes 
when garment manufacturers and distributors need to simultaneously 
access the platform for a large number of order signings and deliveries.

Large-scale transaction processing: The platform should process at 
least a million supply chain information transactions daily, ensuring that 
every piece of information from design to delivery to feedback is accu

rately recorded and tracked. Sufficient processing capacity should be 
reserved to support future system integration, feature expansion, and 
an increase in users.

Fast response time: When submitting queries or transaction requests, 
the system should respond within seconds, ensuring that related enter

prises can quickly obtain the necessary information, adjust production 
and sales strategies promptly, and guarantee a user-friendly experience.

2. Reliability Requirements

High availability: The fashion supply chain management platform 
should achieve 99.9% availability, ensuring that it is inaccessible for 
only a minimal time throughout the year. This is crucial for maintaining 
the continuity of order processing, production scheduling, and delivery 
management, thereby reducing the risk of breaches due to system fail

ures.

Stability: The platform should remain stable over long-term opera

tions, with no memory leaks or program crashes, preventing widespread 
outages that could cripple the entire fashion supply chain.

3. Security Requirements

Decentralized data storage: Using blockchain’s distributed ledger 
technology, data should be stored across multiple nodes to prevent sin

gle points of failure and data tampering, enhancing data credibility and 
transparency.

Smart contracts: Smart contracts should be used to automatically 
execute transactions and contract terms, ensuring the transparency and 
automation of contract execution, reducing human intervention and er

rors.

Access control: The system should have strict permission manage

ment and access control, ensuring that only authorized users can access 

and manipulate sensitive data, preventing unauthorized design changes 
and order modfications.

Emergency recovery capability: The platform should have robust dis

aster recovery capabilities to quickly restore data in the case of system 
failure or data loss, ensuring business continuity.

4. Maintainability and Deployability Requirements

Compatibility: The platform should be compatible with low-end 
hardware facilities, capable of running efficiently in different hardware 
environments, and meeting the needs of enterprises of various sizes 
within the supply chain, thereby helping reduce hardware costs and 
maintenance expenses.

Modular design: The system should adopt a modular design, making 
maintenance and upgrades easier. Each module should be independently 
deployable, reducing the complexity of system updates and mainte

nance.

4.3. System architecture

Fig. 3 shows the platform architecture of the blockchain-based fash

ion supply chain platform. Based on the key points raised in the previous 
section’s non-functional requirements, we adopted Hyperledger Fabric 
as the underlying blockchain framework and ChainSQL as the auxiliary 
storage database, each with its own complete blockchain. Additionally, 
to ensure good compatibility and ease of deployment, we used Docker 
images and orchestrated the startup of all the components and related 
services with Docker Compose.

1. Hyperledger Fabric

Hyperledger Fabric, as a consortium blockchain, not only possesses 
common blockchain capabilities but also features modular architecture, 
identity management, smart contracts, and extensive API support. These 
characteristics make Hyperledger Fabric an ideal blockchain framework 
to meet the complex needs of enterprise applications, providing effi

cient, secure, and customized blockchain solutions.

Modular Architecture: Allows users to select and customize different 
pluggable components according to their needs.

Identity management: Based on public key infrastructure (PKI), the 
identity management system uses certificate authorities (CAs) to authen

ticate each node in the network, ensuring that only certfied enterprises 
can join the network and conduct transactions.

Chaincode: Chaincode executes automatically on the Hyperledger 
network, ensuring the reliability and automation of transactions.

API and SDK: Provides extensive API and SDK support, allowing de

velopers to interact with Hyperledger, deploy smart contracts, query 
data, and manage the network.

High performance: Supports processing hundreds or even thousands 
of transactions per second, making it suitable for enterprise application 
scenarios that require high throughput.

2. ChainSQL

ChainSQL is an open-source distributed database with efficient text 
and image processing capabilities. It adopts the same identity manage

ment mechanism as Hyperledger, ensuring ease of development along

side Hyperledger. Additionally, the following features are useful for the 
proposed platform.

Data reliability: When data are written to a single node, the net

work’s data reliability reaches 100%, and any illegal data tampering on 
a single node will not be synchronized to other nodes.

Custom table operations: Allows custom table operations; after syn

chronization, data consistency across nodes reaches 100%, and in the 
case of simultaneous reading and writing by multiple nodes, the data 
consistency is not less than 99%.

General blockchain language support: Supports general blockchain 
programming languages like Solidity, allowing direct operations on data 
tables through provided APIs.
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Fig. 3. System architecture. 

Log-level data recovery: Current data operations are separated from 
logs; when data is damaged or lost, data can be recovered using logs, 
ensuring high data recovery capability and minimizing interruptions.

3. Containerization Technology

Containerization technology, as a lightweight and efficient virtual

ization method, packages applications and their dependencies together 
into an independent unit called a ‘container’. The core advantage of this 
technology is that it provides a consistent runtime environment, ensur

ing that applications exhibit the same behavior regardless of where they 
are deployed. Each container runs in an isolated environment, separated 
from other parts of the system, which reduces coflicts between appli

cations and enhances overall system security.

4. Doker and Doker Compose

Docker is a widely used open-source containerization platform that 
allows applications to run in containers, which is critical for deploying 
blockchain supply chain management systems. This approach not only 
simplfies the deployment process but also improves the portability and 
reliability of the system. When building a blockchain supply chain man

agement system, Docker Compose, a powerful tool, can effectively de

fine and run multi-container Docker applications. It conveniently man

ages and coordinates the operation of various service containers, such as 
databases and application servers, as well as other critical components, 
significantly reducing the maintenance workload. By using Docker and 
Docker Compose, the proposed platform is not only easy to deploy and 
maintain but also easier to promote in different environments, providing 
a solid foundation for implementing a blockchain supply chain manage

ment system.

Fig. 4 illustrates the design of the database tables. We categorize 
and process the information data according to the functional service re

quirements specfied in Section 4.1. For example, when storing product 
information, images are first passed to ChainSQL through smart con

tracts. ChainSQL calculates a hash value using a hash function, along 
with a product code and the information of the block in which it re

sides, and returns this value to Hyperledger. These data are then passed 
to Hyperledger via chaincode. ChainSQL retrieves the accepted data 
from Hyperledger using Hyperledger’s REST API and stores them in the 

database through smart contracts. Whenever information is called, it 
is retrieved directly from ChainSQL, and the performance overhead of 
ChainSQL is negligible compared to Hyperledger. Additionally, the fea

tures of ChainSQL are far more extensive than the built-in CouchDB 
functionality of Hyperledger. Although this increases the complexity of 
design and programming, it brings higher flexibility and functionality, 
allowing the system to better meet diverse security needs.

5. Results and discussion

5.1. Platform function overview

5.1.1. Order services

As shown in Fig. 5, the order service displays the order contract infor

mation, which consists of an 8-digit order ID and the contract name. The 
contract ID is a unique identfier used to query order contract informa

tion. The order service also provides the registration IDs and company 
names of both parties signing the contract on the platform. Different 
roles in the supply chain have distinct registration codes and numbers, 
such as ‘GarmentM’ for garment manufacturers and ‘Retail’ for distrib

utors, with a unique 5-digit identfication number assigned to each. 
Product information comprises product images and product numbers. 
Products can be any item within the fashion supply chain, such as de

sign drawings, cotton, silk, etc. After product images are uploaded to 
ChainSQL, ChainSQL returns a hash value, which is assigned a unique 
code known as the product code. The service terms information includes 
various requirements for the contract subject, such as material require

ments, process requirements, quality standards, total product price, lat

est delivery time, and breach compensation. Finally, blockchain-related 
information, including hash values, timestamps, and block numbers, en

sures security.

5.1.2. Evaluation services

Fig. 6 shows the platform’s evaluation services for both contract 
parties. Besides the relevant order contract information, it also includes 
logistics information records, evaluation content, and blockchain infor

mation. The logistics information records provide the original agreed

upon date and the actual recorded delivery date. The evaluation content 
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Fig. 4. Database tables designed for supply chain services. 

Fig. 5. Interface: Contract service. 

is divided into standardized evaluation and textual content. Textual con

tent can be scored based on personalized and actual situations, providing 
guidance for future partners seeking cooperation. Since standardized 
evaluations may not be comprehensive, textual guidance is also in

cluded.

We also offer a service to query all evaluations of a single enter

prise. As shown in Fig. 7, this interface displays all the evaluation 
content from companies cooperating with Enterprise A, providing an 
intuitive score histogram. Sorted by order completion time, it visually 
rflects the changes in cooperation evaluations, aiding in bidirectional 
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Fig. 6. Interface: Evaluation service. 

Fig. 7. Interface: Evaluation overview. 

feedback for potential cooperative enterprises and the enterprises them

selves.

5.1.3. Enterprise information services

As shown in Fig. 8, the enterprise information overview is updated in 
real-time, including geographic location, contact information, business 
scope, capacity, etc. It displays information on successfully completed 
and ongoing orders. The advantage of this service is that it updates 
the blockchain with the latest data whenever there is a change in any 
on-chain information, marking the update time. Lastly, we provide an 
evaluation information radar based on the evaluation information. This 
radar collects all historical evaluation records on the blockchain, deriv

ing a weighted average value. This value is compared with the current 

company data, providing a more intuitive data comparison for the in

quirer.

5.2. Tests

5.2.1. Test software

Existing testing tools are typically designed to test the performance 
of Hyperledger alone. However, due to the special design of our system 
architecture, these tools are not suitable for our platform. Therefore, 
we developed a hardware information monitor, as shown in Fig. 9. This 
monitor is composed of Prometheus, NodeExporter, and Grafana, and is 
used to monitor and visualize hardware activity performance. Addition

ally, we use JMeter to measure and evaluate the platform’s performance, 
ensuring its reliability and efficiency under various load conditions. Ta
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Fig. 8. Interface: Enterprise information. 

Fig. 9. Interface: Enterprise information. 

ble 1 summarizes the different testing and monitoring tools used in the 
project.

• Prometheus is a widely popular open-source monitoring and alert

ing toolkit specifically designed for real-time recording of ser

vice status and performance metrics. By periodically pulling data 
from predfined targets (such as HTTP endpoints), Prometheus ef

ficiently collects information.

• NodeExporter focuses on collecting hardware and Linux operating 
system metrics from the host (e.g., servers). It provides various im

portant metrics, including CPU, memory, disk usage, and network 
conditions, as well as system load information. As an HTTP service, 
NodeExporter can send these collected data to Prometheus, facili

tating data collection and in-depth analysis.

• Grafana is an open-source data visualization and analysis platform 
that is widely used for displaying monitoring metrics. It seam
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Table 1
Testing and monitoring tools.

Software tool Version Environment dependencies Detailed description

JMeter 5.6.2 Java 11 An open-source load and performance testing tool primarily for Web applications.

Prometheus 2.28.1 Linux, Go language Environment An open-source system monitoring and alerting toolkit used for reliable data logging and 
real-time alerts.

NodeExporter 1.2.2 Linux A tool for monitoring Linux and UNIX systems, integrated with Prometheus.

Grafana 8.0.6 Linux, 2 GB RAM, 1 GB Disk Space An open-source platform for analytics and monitoring, used for visualizing time-series data.

Chrome 109.0.5414.72 / This method is used to browse monitoring data.

Table 2
System performance indicators.

Performance indicator Explanation Ideal level in stress testing

CPU utilization Ratio of time CPU spends on tasks to total time. Below 70-80% to leave room for sudden load spikes.

Memory utilization Ratio of used memory to total memory. Below 70% to prevent system overload.

System average load The average load on the system, rflecting tasks 
waiting to be processed by the CPU.

Close to the number of CPU cores; reaching 100% may indicate overload.

Disk read/write rate (IOPS) Rate at which data are read from or written to 
the disk, usually measured in MB/s or GB/s.

According to the SSD performance, the lab device’s (Under PCIE 3.0) random 
4K write speed is approximately 87 MB/s as tested with the CrystalDiskInfo 
software.

Disk write throughput per second The amount of data written to the disk per 
second indicates the write speed of the disk.

Below 85% of the threshold value can be considered as not affecting other 
transactions.

lessly integrates multiple data sources, provides various charts, 
graphs, and dashboards, and makes complex datasets easy to under

stand and analyze. This helps developers and system administrators 
quickly identify issues and optimize system performance.

5.2.2. Hardware and system performance indicators

In this experiment, we used the following hardware cofiguration: 
three i7-7700 machines as nodes and one i7-13700 machine as the 
orderer node. All machines are equipped with the Ubuntu 20.04 LTS 
operating system, 16 GB of RAM, and 256 GB solid-state drives. The 
key metrics of the system are listed in Table 2.

5.2.3. Test results and discussion

1. Stress Testing: Stress testing is a performance testing method used 
to evaluate the reliability of a system, component, or application 
under extreme workloads. This type of testing is carried out pri

marily to examine the behavior of a system under the most adverse 
conditions or under extreme workloads.

In this experiment, 100 accounts continuously sent transaction re

quests from a Mac terminal using JMeter. Each account sent 1000 
transaction requests. Using a scripted subscription approach, the 
number of transactions in the blockchain and the interval between 
successfully packaged blocks were checked to determine the trans

actions per second (TPS) and average response time. The JMeter 
load generator sent 100 thousand transaction requests to the test 
node’s insert interface, and all the transactions were successfully 
incorporated into blocks, resulting in a 100% success rate for trans

actions and a consensus rate of 722.34/s. When the node started 
receiving transactions, the CPU usage rate reached a maximum of 
22.49%. As the transaction sending concluded, the CPU usage re

turned to normal. The memory usage rate was 20.52%, and after 
the experiment, memory was released to the system’s idle level, 
indicating no memory leakage. The system’s load rate was 74%, 
maintaining a normal level during stress testing, and the disk usage 
rate was 32%. With a disk write rate of 120 MB/s, and using SSDs, 
there were no performance bottlenecks.

2. Stability Testing: Stability testing is a software testing method 
aimed at ensuring that software can operate stably under continu

ous running or normal workloads. This type of testing focuses on the 
behavior of the system during long periods of operation, detecting 
potential issues such as memory leaks, performance degradation, 
failures, or other stability problems.

Table 3
Experimental data of inserting image data.

File size Concurrent number Success rate Average response time 
200kb 80--90 100% 1.82 s 
500kb 40--50 100% 3.57 s 

JMeter is used to send transaction requests from the Mac side, sim

ulating the scenario where 5 accounts send 6 transaction requests 
per second. This corresponds to processing 30 transactions per sec

ond. We will continuously monitor the system’s performance under 
this workload to ensure that the system can operate steadily.

The test proceeded smoothly and passed the stability assessment. 
After 24 hours of testing, there were no significant changes in the 
system’s parameters, leading us to conclude that the system oper

ates stably under these conditions.

3. Continuous image file writing test: The objective of this experi

ment is to assess the system’s performance when handling images 
provided by roles in the fashion supply chain.

JMeter is used to send transaction requests from the Mac side. 
Between 30 and 50 accounts automatically launch concurrent re

quests to server nodes via scripts, and each attempts to insert both 
200 kb and 500 kb image files via a base64 encoded string. This 
approach simulates the insertion of large files in our system. The 
author recorded and observed the results to draw conclusions. The 
results in Table 3 indicate that the system exhibits favorable perfor

mance when handling concurrent insertions of large files. However, 
it is worth noting that the response speed is noticeably reduced dur

ing the simultaneous storage of large files. Despite this slowdown, 
the system maintains a reasonable level of functionality and con

tinues to demonstrate its ability to handle substantial data loads.

5.3. Cost analysis

The system uses a virtual container orchestration deployment strat

egy, which excels in the current technological landscape by offering 
extremely low maintenance, infrastructure, and operational costs. This 
approach is particularly well-suited for organizations and enterprises 
with limited resources.

• Maintenance Costs: In terms of system maintenance, the use of vir

tual containers greatly simplfies environment management and 
deployment processes. Through the unfied deployment of smart 
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contracts, the system can automatically update all member nodes 
within the consortium blockchain, ensuring consistent operations 
across the network. This automation significantly reduces the 
manual effort required for updates and cofigurations while also 
avoiding compatibility issues caused by environmental differences, 
thereby lowering operational risks and costs. Furthermore, the 
lightweight and highly portable nature of virtual containers ensures 
stable system performance across various working environments, 
further reducing the resources needed for maintenance.

• Infrastructure Costs: The system is highly resource-e˙icient, with 
minimal hardware and network bandwidth requirements, as dem

onstrated in simulation tests. It can run smoothly even on standard 
personal computers, meaning enterprises do not need to invest in 
expensive hardware to deploy and operate the system. When using 
cloud servers and cloud deployment, the cost of rental services is 
even greater.

• Operational Costs: On the operational side, the system integrates 
advanced visualization monitoring tools, allowing SME administra

tors to monitor service status in real-time via the web interface. 
The intuitive interface of these visualization tools enables users to 
identify and resolve potential issues easily, reducing the workload 
of operational staff. Additionally, the system provides detailed log

level data analysis services through ChainSQL.

6. Conclusions and future work

This study reviewed the current collaboration strategies in the fash

ion supply chain and the status of related blockchain applications. Based 
on the idea of transforming the information flow in the fashion supply 
chain, a collaboration model suitable for SMEs was proposed. After an

alyzing functional requirements such as roles and application scenarios 
in the fashion supply chain, as well as a series of non-functional re

quirements such as performance and maintainability, we developed a 
blockchain-based contract party evaluation management system. This 
system demonstrated excellent stability and usability after simulated 
testing. In this system, we record enterprise information, product or

der information, and evaluation information into smart contracts and 
store them on the blockchain. This ensures the transparency of this in

formation and encourages enterprises to improve continuously based on 
evaluations. Establishing such a fair platform is benficial for an increas

ing number of SMEs to actively join and participate in a competitive 
supply chain environment. Additionally, this study can stimulate other 
scholars’ interest in new forms of supply chain structures.

Future research could consider recording and analyzing historical 
transaction data through blockchain, introducing demand forecasting 
services to help enterprises more accurately predict market demand, 
optimize production and inventory management, and reduce surpluses 
and shortages. Integrating customer relationship management systems 
with the proposed platform could track and analyze customer behavior, 
feeding data back into the supply chain to enhance consumer satisfac

tion. Moreover, companies may be reluctant to fully disclose their supply 
chain details and transaction information. Further exploration is needed 
on how to protect commercial secrets while ensuring data transparency 
by adopting privacy protection technologies.
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