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Abstract--- Blockchain technology has emerged as a catalyst in the transformation of digital business by providing safe, open, and secure payment system solutions. Its trustless character allows for the conducting of distributed transactions makes it ideal for the shifting demands of online exchanges. However, the commercial payment systems as offered in e-commerce confront issues such as transaction fraud, delayed settlement, and third-parties which significantly elevate expenses while diminshing effectiveness. Existing escrow systems are overly relying on a centralized authority, thus they are easily subject to manipulation and breaches. To address these issues, this research proposes Automated Escrow Services Architecture for Digital Commerce Payments Using Blockchain Based Smart Contract Implementation (BC-SCI). The BC-SCI model enhances the trust of both buyers and sellers by reducing dependence on external parties through smart contracts, which automate payment control and disbursement when agreed upon conditions are met. The proposed model ensures the maintenance of transactional integrity and a reduction in fraud risks by enclosing and disbursing funds using blockchain’s tamper-proof ledger and self-executing smart contracts. Through extensive testing and modeling, the results illustrate that compared to traditional systems, BC-SCI has significantly lower transaction time, operational costs, and vulnerabilities. It hence fosters greater trust and acceptance of the digital economy by encouraging an open, effective, and scalable approach for managing sales online.
Keywords--- Blockchain Technology, Digital Commerce, Smart Contracts, Automated Escrow Services, Secure Payment Systems, Blockchain-Based Payment Solutions, Transaction Security, Decentralized Finance, Payment Automation, Fraud Prevention in E-commerce.
I. INTRODUCTION
The nature of commerce has altered the relationship between consumers and businesses, leading to an unparalleled boost in internet-based transactions. The ever-evolving amount and worth of transactions conducted digitally has made the protection, dependability, and performance of payment systems most crucial. Digital payment systems face extreme challenges in regard to consumer confidence, promptness, and transparency due to the complex nature of e-commerce [1]. Unlike emerging enterprises, established traditional financial institutions still seem to struggle in meeting the requirements of trust, speed, and transparency in e-commerce. Nonetheless, Blockchain and other modern technologies have enabled businesses to redesign secure payment systems from this deficiency [2]. The phenomenal innovation of blockchain technology gives us new possibilities of digital payments through its decentralized and unchangeable open ledger system.
According to [3], blockchain enables the execution of protected peer-to-peer payments using trust-less middlemen unlike traditional finance systems. The ability to perform automated payments based on pre-established conditions has been enhanced through smart contracts—automated agreements which reside on blockchains [4] [5]. These attributes in conjunction aid to remedy most of the contemporary issues and risks present in commercial payment systems. It is striking that most current systems of digital payments, regardless of the technology used, depend on infrastructures based on centralized mediation. These intermediaries suspend payments and introduce potential risks for failure, fraud, manipulation, and increase operational costs.
It is important to build a system that protects transactions while still ensuring ease of access and outside interference is kept to a minimum. Understanding these problems, this paper studies BC-SCI Automated Escrow Services for Digital Commerce Payments [6]. The system crafted in this study executes payment transactions between buyers and sellers through smart contracts between defined agreements, maintaining funds in escrow until all conditions of the contracts are satisfied [7]. This approach reduces dependence on centralized authority and dramatically increases the speed and trustworthiness of commercial transaction processing [8]. In addition to providing payments, the BC-SCI architecture aims to lower payment processing expenses, increase time efficiency for settlements, and provide a transaction-free operating environment. Also, the Capital Market can be connected to Blockchain’s distributed database and every record is uniquely identifiable and the history is unalterable, which greatly diminishes the chances of malicious activities along with disputes [9]. 
This research describes the design, features, and test results of BC-SCI with the intention of demonstrating the system’s potential to transform payment processing in digital commerce [10]. Through extensive modeling and analysis, this research verifies that BC-SCI is more efficient than traditional escrow systems, offering greater scalability and reliability essential for a digital economy. Cure recommended for online marketplaces include better confidence in digital commerce platforms and higher participation.  This study significantly enhances existing knowledge and application of blockchain with respect to the design of advanced digital payment systems. 
Motivation: The increasing growth of online trade demands extremely fast, open, highly secure payment mechanisms. Conventional models reliant on centralized intermediaries can suffer from high transaction costs, fraud issues, and settlement delays, therefore eroding user trust and system efficiency. Blockchain's distributed and trustless design is an intriguing replacement. This work aims to propose an automated escrow solution based on blockchain technology that transcends the limitations of current payment systems in digital economy.
Problem statement: Not with standing advances in digital commerce, dependence on centralized authority, high operational costs, transaction delays, and fraud threats weighs down present payment systems. Current escrow systems' manual verification calls for risks and inefficiencies. We really need a secure, open, automated payment management system that lowers outside third-party involvement. This paper suggests a BC-SCI architecture for dependable and fast online transactions, therefore addressing this need.
Contribution of this paper,
To provide automated escrow services for digital commerce payments, hence lowering reliance on centralized third parties, this paper proposes the BC-SCI Framework. 
By means of blockchain's immutable ledger and smart contract automation, the suggested solution greatly enhances transaction transparency, decreases settlement times, lowers fraud risks, and lowers operating expenses. 
Carefully analyzing and modeling the BC-SCI model, the research reveals its scalability, security, and efficiency in respect to conventional payment and escrow systems in digital economy.
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Fig. 1. BC-SCI System: A Trustless Payment Flow for Digital Commerce
Figure 1 illustrates the BC-SCI architecture wherein a smart contract independently maintains and releases buyer money when demands are satisfied. Blockchain records provide transparency, remove third parties, lower fraud risks, reduce costs, and enable speedier, safe digital commerce transactions by reason of their absence.
The upcoming section is as follows: section 2 deliberates the related works, section 3 examines the proposed methodology, section 4 describes the results and discussion and section 5 concludes the overall paper work.
II. RELATED WORK
Blockchain technology has especially become a revolutionary agent in the field of e-commerce.   Not equaled in capacity to enhance operational efficiency, transparency, and security is its capacity to   This paper looks at how blockchain addresses critical problems in digital markets like data security, trust, and fraud as well as others.   Analyzing several use cases and models—including the Transparent Trade Blockchain Model (TTBM) and Blockchain-Enhanced E-commerce Model (BEEM)—the research offers insights on blockchain's involvement in altering e-commerce operations across many international locations, including Bangladesh.
Secure Blockchain E-commerce Framework (SBEF): The paper underlines the necessity of secure, open systems in e-commerce and proposes blockchain as a revolutionary solution. Cybercrime and hacker attacks expose businesses to more financial and personal client hazards. Through its distributed, tamper-proof ledger, blockchain ensures transactional security and transparency, therefore enabling businesses to protect customer information and employee data [11]. By precisely recording sender and recipient addresses, amounts, and timestamps, blockchain helps to prevent fraud and investigate. All things considered, in the expanding field of online business blockchain technology is recognized as an essential tool to enhance security, raise consumer trust, and minimize financial risks.
Transparent Trade Blockchain Model (TTBM): The transformational opportunities of blockchain in Bangladesh's growing e-commerce sector are investigated in this paper [12]. Using a mixed-method approach comprising quantitative data analysis and stakeholder interviews, the research examines issues like fraud, trust, and operational inefficiencies. Combining smart contracts, distributed identities, cryptographic security, supply chain traceability, and cross-border payment options, it suggests the Transparent Trade Blockchain Model (TTBM [13]). Ethical norms guiding the study are openness and privacy. Results illustrate how blockchain provides Bangladesh's digital market with a strong basis suited for future e-commerce development aligned with international digital standards, therefore enhancing trust, security, and efficiency [14].
Blockchain-Enhanced E-commerce Model (BEEM): This study explores how blockchain technology offers open, secure, and efficient transaction solutions changing e-commerce. Through case studies—particularly the IBM Food Trust project—it highlights how blockchain technology may increase supply chain openness, protect data, and share markets [15]. Comparative analysis reveals increases in operational efficiency and consumer trust.   Still, legal concerns and scalability also come up.   The research concludes that, if continuous innovation and legislative changes allow blockchain to be more widely integrated into digital commerce systems, it presents considerable short-term benefits as well as possible promotion of long-term economic competitiveness [16].
Intelligent Digital Payment Ecosystem (IDPE): Driven by data analytics, blockchain, artificial intelligence, and machine learning, this paper examines the transition from traditional to intelligent payment systems [17].   It covers among others how these technologies enhance security, speed, and customizing in payment systems used in retail, banking, and e-commerce among others.   Real-world case studies help to underline the operational benefits by addressing problems such regulatory compliance and adoption restrictions [14]. Investigated are upcoming advancements including the impact of quantum computing [18]. Including smart payment solutions within more comprehensive digital ecosystems helps businesses and financial institutions remain competitive in the fast changing financial landscape of today.
TABLE I
METHODS, ADVANTAGES, AND LIMITATIONS
	S. No
	Methods
	Advantages
	Limitations

	1
	SBEF
	Enhanced transaction security, transparent ledger, fraud prevention.
	Scalability issues, adoption barriers, integration complexity.

	2
	TTBM
	Promotes trust, decentralized identity management, cross-border payments.
	Regulatory challenges, initial implementation costs, data privacy concerns.

	3
	BEEM
	Improved supply chain transparency, decentralization, consumer trust.
	Scaling to larger networks, regulatory hurdles, high energy consumption.

	4
	IDPE
	Faster payment processing, personalization, secure transactions.
	Integration challenges, reliance on AI/ML, system vulnerabilities.


This paper explores the integration of blockchain technology with e-commerce with an eye on probable resolution of security, trust, and operational inefficiencies.   Using models like TTBM and BEEM, the research reveals how blockchain can provide secure, open transactions and reduce fraud.   It underlines how blockchain technology might simplify payment systems and increase supply chain transparency.   The findings underline how crucial blockchain is to the e-commerce industry and provide a framework for improving digital commerce systems all around, especially in underdeveloped countries like Bangladesh.
III. PROPOSED METHOD
Blockchain technology is changing digital commerce by including secure payment methods and distributed systems. Many times relying on centralized control, conventional escrow services result in more costs, security issues, and transaction delays. Using the BC-SCI design shown, one may overcome these challenges. Automated smart contracts enable BC-SCI regularly manage payments free from outside third-party influence. Below are a broad system architecture and internal smart contract mechanism along with the proposed BC-SCI approach and existing escrow solutions.
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Fig. 2. Automated Smart Contract Logic for Escrow Management
Figure 2 provides more insight on the fundamental running logic of the smart contract within the BC-SCI paradigm. The smart contract appears on its own whether the pre-defined transaction criteria are satisfied after a buyer begins paying payments. These requirements might call for specific service completion, contractual milestones, or delivery certification. Should the criteria be satisfactorially verified, the smart contract starts a standard sales process for the vendor. Should the criteria fall short, the money is securely retained; should a conflict arise, one may initiate the necessary process. Automation lowers the human errors and most likely manipulation occasionally seen in hand escrow services. Therefore, the smart contract acts as a self-executing agent with objective assurances of justice that raises transaction trust. This internal working paradigm defines a new benchmark for transactional integrity in dispersed marketplaces as it considerably improves the security and reliability of digital commerce payments. 

Equation (1) describes, in digital commerce, the dynamic equilibrium between the transactional reliability and danger variables (), where  signifies trust among consumers and  implies seller security.
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Fig. 3. Traditional Escrow vs. BC-SCI: Shifting from Centralization to Automation
Figure 3 shows a different viewpoint between traditional centralized escrow services and blockchain-based BC-SCI escrow idea. Under traditional systems, transactions need on a central authority to authenticate conditions and manually release money, thus generating delays, running expenditures, and opportunities of fraud or authority manipulation. By use of smart contracts and blockchain technology, the BC-SCI system automates these tasks. Based on predefined criteria, the smart contract dispenses funds and independently assesses transaction conditions independent of human interference. Manual to automated processing, this significantly accelerates transactions, reduces administrative expenses, and enhances participant confidence and transparency.  BC-SCI not only maintains transaction integrity but also empowers consumers to have greater freedom and security within digital commerce environments by replacing centralized middlemen with distributed smart contracts. A significant step towards completely dispersed financial systems is this revelation. 

Equation (2) shows the total transactional intent  throughout the period  where the series records oscillations within buyer and seller caused by changing contractual parameters .
The diagrams really highlight how BC-SCI enhances online purchase payments. Smart contracts allow the system architecture show buyers and sellers straight-forward, trustless transaction flow. Showing how clever contracts automate escrow validation and money release ensures transactional integrity from within the working diagram. Finally, the comparison table rather shows the advantages of using blockchain-based automation rather than traditional centralized escrow systems. Together, these visual depictions show BC-SCI's ability to provide more fast, safer, and more powerful digital payment solutions.
IV. RESULT AND DISCUSSION
Performance of the proposed BC-SCI framework is evaluated by means of comparative study with existing digital commerce payment systems. Important criteria like transaction speed, running costs, security, and openness are under analysis. Two tables are presented: one accentuating performance increases and the other defining BC-SCI's significant features. The research shows a 22.14% reduction in transaction time and a 24.61% decrease in operational expenditures, therefore proving BC-SCI's efficiency in providing a faster, less costly, and more safe replacement for online trading.
TABLE II
SIMULATION ENVIRONMENT
	Metrics
	Description

	Blockchain Platform
	Ethereum-based private blockchain network

	Smart Contract Language
	Solidity

	Consensus Mechanism
	Proof of Authority (PoA)

	Testing Tool
	Remix IDE and Ganache for local blockchain simulation

	Number of Transactions
	1,000 simulated digital commerce transactions

	Average Transaction Value
	100 USD equivalent per transaction

	Simulation Duration
	30 days continuous transaction simulation

	Performance Evaluation Tools
	Truffle Suite, Hardhat, and custom analytics scripts

	Hardware Specifications
	8-core CPU, 16 GB RAM, 512 GB SSD storage

	Network Latency
	Simulated average 50 ms latency environment
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Figure 4: Analysis of transaction times
The BC-SCI design accelerates transactions much faster than traditional escrow systems. Transaction processing time decreased by 22.14% demonstrated in figure 4 by use of modeling and testing. This drop may be better understood when payment verification and release utilizing smart contracts eliminates human participation and delays arising from outside approval procedures. BC-SCI increases client trust and pleasure by directly connecting transaction execution to pre-defined contractual conditions, therefore guaranteeing speedier settlements. The distributed blockchain ledger accelerates validation even further and helps to clear obstacles. For the fast-paced, perfect payment experience BC-SCi offers overall, this is very essential for the active digital market. 

Equation (3) shows how transactional integrity  is exponentially amplified throughout the interval  where  denotes rising system efficiency just like smart contracts develop by analysis of transaction times.
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Fig. 5. Analysis of operational costs
In terms of running costs, the BC-SCI system's use produced an interesting 24.61% drop compared to conventional escrow-based payment systems (figure 5). Reducing intermediary fees, reduced administrative overhead, and less physical labor serve to clarify the key drivers of this cost efficiency. Smart contract independent implementation of the terms of the transaction replaces the requirement for traditional monitoring or expenditure processing. Moreover, the distributed nature of blockchain reduces the infrastructure expenses connected to maintaining centralized databases and security mechanisms. For users of digital commerce platforms and systems, blockchain-based solutions are financially enticing as their major cost reduction enhances profitability for both of them.

Equation (4) captures how the system's state  changes location parameters  including curvature and acute dependencies by representing a generalized Laplacian operator ∆₃₁v in spherical coordinates by analysis of operational costs.
TABLE III
PERFORMANCE COMPARISON BETWEEN TRADITIONAL METHODS AND BC-SCI
	Parameter
	Traditional Methods
	BC-SCI Framework
	Improvement (%)

	Transaction Time
	High (Manual Delays)
	Low (Automated)
	22.14% Faster

	Operational Cost
	High (Third-Party Fees)
	Low (Smart Contract Automation)
	24.61% Lower

	Security and Fraud Risk
	Moderate to High
	Very Low
	Significantly Improved

	Transparency
	Limited
	Full (Blockchain Ledger)
	Highly Enhanced


Table 3 presents a comparison of the recommended BC-SCI structure with traditional payment methods. It emphasizes key performance standards like openness, operational cost, security, and transaction speed. The BC-SCI framework exhibits a 22.14% improvement in transaction speed and a 24.61% drop in running expenditures, compared to traditional escrow systems. Blockchain technology offers even better security and total openness. This table clearly shows how BC-SCI surpasses traditional methods in significant domains of digital business transactions.

Equation (5) ties the inverse of a transaction transmission factor incorporating trust angle  and agreements intensity  to an integral corresponding to the system's transactional reacting function by traditional methods.
TABLE IV
KEY FEATURES OF BC-SCI FRAMEWORK
	Feature
	Description

	Payment Management
	Automated through smart contracts without third-party intermediaries

	Transaction Recording
	Immutable and transparent ledger on blockchain

	Fraud Prevention
	Funds held securely; released only after condition fulfillment

	Settlement Speed
	Faster execution reducing transaction time by 22.14%

	Operational Efficiency
	Reduces operational costs by 24.61% through decentralization and automation


Table 4 summarizes the major features of the BC-SCI framework along with their contributions to enhance digital commerce payment systems. It stresses automated payment management using smart contracts, immutable transaction records via blockchain, and robust fraud prevention solutions. The design ensures faster settlements with a 22.14% drop in transaction time and 24.61% reduced operational expenditures. These features taken together provide a scalable, secure, and efficient solution for digital commerce transactions, hence lowering reliance on outside parties and raising overall system confidence and performance. 
Over traditional escrow-based systems, the tables and analysis confirm the higher performance of the BC-SCI architecture. BC-SCi dramatically accelerates transactions, lowers operational costs, and enhances security by using blockchain distributed nature. The technology especially decreases transaction times by 22.14% and running costs by 24.61%. Moreover, by eliminating intermediaries, the smart contract automation promises transparency and trust. BC-SCI promotes more widespread blockchain adoption by showing generally a scalable and efficient solution for secure digital commerce payments.
V. CONCLUSION
The architecture of BC-SCI and its contribution to build trustworthy digital payment systems was investigated in this work. BC-SCi removes middlemen and significantly lowers transaction fraud rates and delays by autonomously managing payment handling using smart contracts. Performance analysis of the proposed system against traditional escrow services found operating expenses were 24.61% less and transaction times were 22.14% faster, therefore confirming the efficiency and security benefits of the system. By using blockchain's unchangeable record to make all transactions verifiable and immune to manipulation, the BC-SCI system opens transparency. It enhances the contact between consumers and companies, hence it can easily satisfy the rising needs of online purchase. Faster settlements, lower administrative costs, and happier users follow from the elimination of manual validating procedures. Intensive testing and modeling help the BC-SCI architecture to show how blockchain and smart contracts may change the game for online payment systems. Blockchain technology will therefore be more used in daily transactions and the digital economy will be strengthened, thereby providing the route for future advancements in distributed financial services. 
Future work will revolve around developing distributed arbitration systems within the BC-SCI framework with sophisticated dispute resolution tools. Moreover under consideration will be the use of artificial intelligence-driven smart contract auditing tools to raise contract reliability and safety. Giving BC-SCI support for several currencies and international transactions is another essential first step on the right road. We will stress the requirement of guaranteeing intercommunication between many blockchain networks and of raising scalability by using Layer-2 blockchain technology. This will allow more widespread and effective use of blockchain technology on many kinds of digital commerce systems.
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