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ABSTRACT

ARTICLE INFO L . . .
E-commerce has revolutionized business operations and consumer behavior,

offering unprecedented convenience and accessibility. This study presents the
Received: 06/06/2024 development and evaluation of a blockchain technology and an Al geo-location-
Accepted: 18/09/2024 based multi-vendor e-commerce system. The study advances the integration of
blockchain as payment gateway and Al geo-location to enhance the efficiency,
security, and user experience of e-commerce platforms. These are then developed

Keywords with Django framework, Python, PostgreSQL, and Google Maps API, ensuring a
Multi-vendor E- robust and scalable architecture. The results show significant reductions in
commerce, Blockchain transaction costs, improved geo-location accuracy, and enhanced financial
Payment Gateway, Al- security through the blockchain's immutable ledger and smart contracts. The
ﬂ:\'/‘;i:og;ogg;f::ggt'ion proposed system demonstrated high performance in terms of scalability, user
Transaction Security ' engagement, and the potential of Al and blockchain technology in transforming

traditional e-commerce. Thus, the study presented valuable insights into the
practical applications of these technologies, setting a new benchmark for secure
and efficient multi-vendor e-commerce platforms.

1. INTRODUCTION barriers and changing the way goods and
services are bought and sold (Kabuto &
The rapid evolution of technology has Gojo, 2019). However, the traditional e-
significantly reshaped the landscape of commerce model is not without its
commerce and financial transactions. challenges, including issues such as fraud,
Amongst  the  most  transformative high transaction fees, and inefficiencies in
innovations in recent years are blockchain payment processing (Subramanian, 2018).
technology and artificial intelligence (Al). Blockchain technology, first introduced
The convergence of these technologies with the inception of Bitcoin in 2008 by
promises to enhance efficiency, security, and the pseudonymous Satoshi - Nakamoto,
transparency ~ across  various  Sectors, offers a decentralized ledger system that
particularly in e-commerce and payment enhances transparency, —security, and
systems (Li et al., 2020). E-commerce has immutability of transactions (Guo et al.,
revolutionized business operations and 2021). By decentralizing control and
consumer behavior, offering unprecedented utilizing  cryptographic principles,
convenience and accessibility. Online blockchain technology can address many
marketplaces have flourished due to the shortcomings of traditional e-commerce
widespread adoption of Internet and mobile platforms, such as fraud risks and high
technologies, breaking down geographical transaction costs (Kabuto & Gojo, 2019).
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Blockchain ensures transactions are recorded
in a tamper-proof manner, reducing the risk
of fraud and enhancing trust between
transacting parties (Kabuto & Gojo, 2019; Li
& Huang, 2020). Additionally, the
elimination of intermediaries in the
transaction process lowers transaction fees
and streamlines payment processing, leading
to greater efficiency and cost savings for
businesses and consumers alike (Chao,
2022).

Artificial intelligence, with its capabilities in
machine learning, data analysis, and pattern
recognition, has become an indispensable
tool in modern commerce (Liu & Guo, 2021).
Al algorithms can analyze consumer
behavior, predict market trends, and provide
personalized recommendations, thereby
enhancing  customer  experience  and
operational efficiency of e-commerce
platforms (Wan et al., 2022). Geo-location
technology leverages GPS and other
location-based services to enable businesses
to offer localized and context-aware services
to users (Khan & Salah, 2018). In the context
of a multi-vendor system, Al-driven geo-
location can optimize logistics, manage
inventory in real time, and provide location-
specific promotions, thereby improving the
overall efficiency of the e-commerce
ecosystem  (Taherdoost, 2023a). The
convergence of Al, geo-location technology,
and blockchain represents a significant
advancement in the e-commerce landscape
(Christidis &  Devetsikiotis,  2016;
Taherdoost & Madanchian, 2023). This
integrated approach not only enhances
operational efficiency and reduces costs but
also addresses fundamental issues of
security, transparency, and trust. As these
technologies continue to evolve, they hold
the promise of transforming e-commerce into
a more robust, user-centric, and efficient
domain (Jiang & Chen, 2021a).

Traditional e-commerce payment systems
rely heavily on intermediaries such as banks
and payment gateways, often incurring
significant fees and causing transaction

delays (Jiang & Chen, 2021a). Blockchain
technology offers a solution through a
decentralized payment gateway that
enables direct transactions between
buyers and sellers. This system uses
digital signatures and smart contracts to
ensure secure, transparent, and efficient
payment processing without the need for
third-party verification (Sun et al., 2021).
The use of blockchain as a payment
gateway not only reduces transaction
costs but also enhances security and trust.
Smart contracts, self-executing contracts
with the terms of the agreement directly
written into code, automate and enforce
contractual agreements, reducing the risk
of fraud and ensuring compliance (Ngai &
Wat, 2002). Moreover, blockchain’s
immutable ledger provides a verifiable
record of all transactions, which is
particularly  beneficial in resolving
disputes and ensuring accountability
(Deng et al., 2021). Several studies and
real-world applications have
demonstrated the efficacy of integrating
blockchain and Al in e-commerce. Kim &
Kim, 2022 for example proposed a
blockchain-based payment model that
eliminates the need for traditional
payment gateways, reducing costs and
enhancing transaction security. Similarly,
Liu & Li, 2020 discussed a blockchain
framework for cross-border e-commerce
supply  chains,  emphasizing the
technology’s  potential to improve
transparency and traceability. In 2021
proposed a conceptual framework for
blockchain-supported e-commerce
platforms tailored for small and medium
enterprises (SMEs) (Jiang & Chen,
2021b), addressing challenges such as
financing and trading issues (Zhao et al.,
2022). Their study highlights how
blockchain can facilitate secure and
efficient transactions, fostering trust and
operational efficiency in the e-commerce
ecosystem (Wan et al., 2022).
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2. METHODS AND
METHODOLOGY

This study employs an integrated approach
combining Agile development practices and
advanced technological tools to create an Al
geo-location-based multi-vendor e-
commerce system utilizing blockchain as a
payment gateway. The chosen method
emphasizes iterative development,
continuous  feedback, and incremental
delivery to ensure the system evolves in
response to user needs and technological
advancements (Liu & Guo, 2021). The key
components of this method include the
Django framework, Python programming
language, PostgreSQL database, Google
Maps API, and blockchain technology
integrated through payment gateways such as
Razorpay or Paystack. The proposed method
begins with a comprehensive analysis of
existing e-commerce platforms to identify
current challenges and inefficiencies in
security, transaction costs, and logistics
management (Lamela et al., 2022). The
system design follows a modular
architecture, as illustrated in Figure 1.
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Figure 1 System Design Architecture

The proposed system consists of four main
layers: the presentation layer, application
layer, data layer, and integration layer. The
presentation layer, developed using HTML,
CSS, and JavaScript, ensures a responsive
and interactive user interface. The
application layer (Liu et al., 2019) is built
with the Django framework and Python,

handles core functionalities such as user
and vendor authentication, CRUD
operations for managing vendor profiles,
and Al-driven geo-location services. The
data layer, managed by PostgreSQL,
stores all relevant data and supports
dynamic  business hours and tax
calculations. The integration layer (Harish
et al, 2021) leverages blockchain
technology to ensure secure, transparent,
and tamper-proof transactions.

Figure 2 Flowchart

The Flowchart in Figure 2 details the
interaction  flow  between  system
components,  beginning  with  user
registration or login, followed by geo-
location-based vendor search, order
placement, and blockchain-based
payment processing. The flowchart
highlights the seamless integration of Al
and blockchain to facilitate efficient and
secure e-commerce transactions. The
database design ensures efficient data
management and retrieval, supporting
various functionalities such as vendor
management, order processing, and
transaction recording (Zhuansun et al.,
2021).

Fupre Journal 8(4), 29 - 37(2024)

31



Anslem and Ako (2024)/ FUPRE Journal, 8(4): 29-37(2024)

The core algorithm used in this system is the
GeoClusterOpt Algorithm, which optimizes
inventory management and logistics through
a deep clustering framework.
Mathematically, the algorithm can be
represented as follows:

Let D ={d,,d,, - d,} be the set of data
points (vendor locations and inventory
levels), and C= {cl, c2..., ck} be the set of
centroids (cluster centers). The goal is to
minimize the total within-cluster variance,
defined as:

k n
/=; i; jlld—c 12 (1)

where jdj—ci/ is the Euclidean distance
between a data point d; and the centroid ci.
The algorithm iteratively updates the
centroids to minimize this objective function,
thereby optimizing the distribution of
inventory and the efficiency of logistics
operations.
The GeoClusterOpt Algorithm is outlined as
follows:
GeoClusterOpt Algorithm
Input: Vendor Locations V, Inventory
Levels I
Output: Optimized Vendor Clusters,
Efficient Inventory Distribution
1. Initialize: Set the initial number of
clusters k, Select initial centroids C=
{cl,c2..., ck}
2. Cluster Assignment:
o Foreach vendor vi € V

s Assign vi to the

nearest centroid c;
3. Centroid Update:
o For each centroid c;

s Update cj to the mean
of all vendors
assigned to ¢j

4. Convergence Check:
o Calculate the total movement
of centroids:
cj =ISjl1¥v € Sjv
5. Inventory Optimization:
o For each cluster §;

s Analyze inventory
level 111 of vendors
within S
s Distribute
inventory based on
demand prediction
using Al heuristics
[
6. Iteration:
Repeat steps 2 to 5 until convergence is
achieved

The development of the Al geo-location-
based multi-vendor e-commerce system
with blockchain as a payment gateway
involved a systematic approach using
advanced tools and technologies. The
backend of the system uses Django
framework and Python by leveraging their
robust capabilities for web application
development and data handling. Django's
built-in features like Object-Relational
Mapping (ORM), authentication, and
admin interface provides a solid
foundation for the application's core
functionalities, including user and vendor
authentication, CRUD operations for
managing vendor profiles, and Al-driven
geo-location services. This integration is
depicted in Figure 4.

Map Satellite

Figure 3: User interface
As seen in Figure 3, the front end was
developed using HTML, CSS, and
JavaScript, creating a responsive and
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interactive user interface. The integration of
AJAX-enabled dynamic content updates
without reloading the entire page and
enhances user experience during searches
and order placements. The PostgreSQL
database was employed for its ability to
handle complex queries and large datasets
efficiently, ensuring data integrity and
supporting dynamic business operations.

To provide accurate and real-time location-
based services, the Google Maps APl was
integrated, allowing users to discover
vendors based on their geographic location.
Blockchain technology was utilized for
secure  and  transparent  transaction
processing, with payment gateway, Paystack
ensuring all financial transactions were
encrypted and tamper-proof, showing the
system's data entry, and Figure 4, illustrating
the user interface during key operations such
as payment processing.

Confirm payment

Send To
NJ  Njhairs

Payeee Recelves

Amount 0.02505459ETH
#4120,000
Pay With
Payment Method Funding Wallet

Paymant Currancy 0.02505459ETH

Confirm

Figure 4: Payment Processing

3. RESULTS AND DISCUSSION

The implementation of the Al geo-
location-based multi-vendor e-commerce
system using blockchain as a payment
gateway yielded significant
improvements in operational efficiency,
transaction security, and user experience
(Taherdoost, 2023b; Treiblmaier &
Sillaber, 2021). The performance
evaluation metrics, including specificity,
sensitivity, and accuracy, demonstrated
the effectiveness of the proposed system.
The system's geo-location accuracy was a
crucial factor in ensuring that users
received precise information about vendor
locations. As shown in Table 1, the system
achieved a geo-location accuracy rate of
93%, close to the expected 95%,
indicating a high level of precision in
tracking vendor locations. The use of Al
algorithms in real-time location tracking
and predictive analytics further optimized
inventory management, with an observed
inventory accuracy rate of 88%. This
accuracy rate reflects the system's
capability to maintain real-time updates of
stock levels, reducing discrepancies and
ensuring efficient logistics operations.
Table 1 compares expected versus actual
test results, highlighting high geo-location
tracking and inventory management
accuracy. The blockchain  payment
gateway significantly reduced transaction
costs and enhanced security, as shown in
Table 2.

Fupre Journal 8(4), 29 - 37(2024)

33



Anslem and Ako (2024)/ FUPRE Journal, 8(4): 29-37(2024)

Table 1: Comparison of Expected vs
Actual Test Results

Test Case Expecte | Actual | Accura
d Result | Result | cy

Geo-location | 95% 93% 98%
Accuracy

Inventory 90% 88% 97%
Managemen
t

Transaction | 100% 99% 99%
Security

Table 2: Transaction Cost and Security

Metric Traditi | Propo | Improve

onal sed ment
System | Syste
m

Average | $2.50 $0.50 | 80%
Transacti
on Cost

Incidents | 5% 0.5% 90%
of

Fraudulen
t Activity

The integration of blockchain technology
significantly bolstered the financial security
of the system. The use of blockchain as a
payment gateway ensured that all
transactions were securely recorded in a
tamper-proof ledger, greatly reducing the
risk of fraud. The smart contracts employed
within the blockchain framework automated
transaction  processes, ensuring  that
payments were only processed upon
fulfillment of predefined conditions, such as
the successful delivery of goods. This
automation not only streamlined payment
processing but also provided a transparent
and verifiable transaction record, as shown in
Table 3.

Table 3: Financial Security Metrics
Metric Value
Fraudulent 0.5%
Transaction Rate
Average Transaction | 2 seconds
Verification Time

Transaction Dispute | 99%  resolved
Resolution within 24 hours

The reduction in fraudulent transactions to
just 0.5% and the rapid transaction
verification time of 2 seconds underscored
the system's robustness and reliability.
The  efficient  dispute  resolution
mechanism, with 99% of disputes
resolved within 24 hours, further
reinforced user trust and satisfaction.
Figure 5 illustrates the system’s
scalability, indicating that the proposed
system handles increased loads more
efficiently than traditional systems. The
scalability chart (Figure 5) shows the
system's response time remaining stable
even with a high number of concurrent
users, whereas the traditional system's
response time increased significantly.
Additionally, the throughput chart (Figure
6) demonstrates higher transaction
throughput in the proposed system,
emphasizing its ability to process more
transactions per second compared to
existing solutions.

Figure 5: Scalability Chart
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Figure 6: Throughput Chart

The results from the test carried out, reveal
that integrating Al for geo-location and
blockchain for payment processing not only
enhances the security and transparency of
transactions but also optimizes inventory
management and logistics. The system's
architecture, leveraging Al algorithms for
predictive analytics and real-time location
tracking, ensured accurate vendor and
inventory data, leading to improved customer
satisfaction. The blockchain  payment
gateway provided a decentralized and
tamper-proof transaction process,
significantly reducing fraud and transaction
costs. Overall, the results indicate that the
proposed system is a viable solution for
addressing the challenges faced by
traditional e-commerce platforms, offering a
more secure, efficient, and user-friendly
experience for both vendors and consumers
(S. S. Li & Karahanna, 2015).

4. CONCLUSION

The development and implementation of the
Al geo-location-based multi-vendor system
using blockchain as a payment gateway have
provided significant insights into enhancing
the efficiency, security, and user experience
of e-commerce platforms. The system
demonstrated a notable reduction in
transaction costs, improved accuracy in geo-
location services, and robust financial
security through blockchain integration. The
findings highlight the transformative

potential of combining Al and blockchain
technologies in addressing  the
shortcomings of traditional e-commerce
systems, such as high transaction fees,
fraud, and inefficient logistics. The
system's scalable architecture, as well as
its ability to provide real-time updates and
personalized services, underscore its
readiness for broader deployment in the e-
commerce industry. In terms of
knowledgeable contributions, this study
offers a comprehensive framework for
integrating advanced technologies into e-
commerce platforms. It provides practical
insights into the use of Al for optimizing
inventory and enhancing customer
experiences, as  well as  the
implementation of blockchain to ensure
transaction transparency and security. The
research also contributes to the field by
demonstrating the practical applications
of these technologies in a real-world
setting, offering a valuable reference for
future studies and developments. The
successful deployment of the system sets
a precedent for further exploration into the
synergistic use of Al and blockchain,
paving the way for more innovative
solutions in the digital marketplace. The
system's achievements in improving
operational efficiency, reducing costs, and
enhancing security mark a significant step
forward in the evolution of e-commerce
platforms.
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