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Abstract: Cross-border payments remain constrained by high transaction costs, latency, and the lack of interoperability among
financial systems. Traditional correspondent banking networks depend on multi-tiered intermediaries, resulting in slow settlements and
limited transparency. This study presents the design and development of a blockchain-integrated micro-transaction engine (BIMTE)
for secure, real-time, and low-cost international payments. The proposed engine combines a Layer-2 blockchain architecture with an
Al-driven transaction routing algorithm to optimize payment flow across digital ledgers. The system integrates smart contracts, off-
chain scaling, and tokenized fiat representation to support micro-transactions below $1 while maintaining compliance with 1SO 20022
standards. A hybrid consensus protocol incorporating Proof-of-Authority (PoA) and Byzantine Fault Tolerance (BFT) mechanisms
was implemented to achieve sub-second confirmation times. The prototype was evaluated using synthetic transaction data from
remittance corridors between the United States, Nigeria, and the European Union. Results demonstrate a 65% reduction in transaction
fees, 42% faster average settlement times, and 99.8% integrity retention across stress-tested loads of up to 25,000 transactions per
second. These findings establish the feasibility of blockchain-based micro-payment systems as viable alternatives to conventional
clearing houses. The study concludes that integrating distributed ledger technology with adaptive Al routing and smart escrow
mechanisms can transform cross-border payment infrastructures by enhancing speed, scalability, and regulatory transparency.
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1. INTRODUCTION

The globalization of digital commerce has created an
unprecedented demand for fast, secure, and transparent cross-
border payment systems. Despite rapid technological
advances in financial technology (FinTech), international
remittances remain dominated by legacy banking networks
that rely on multiple intermediaries, each adding latency,
transaction costs, and compliance bottlenecks. According to
the World Bank, the average global remittance fee remains
above 6% of the transfer value, disproportionately affecting
low-income senders and recipients in developing economies
[1]. Traditional correspondent banking structures are further
hindered by asynchronous settlement  mechanisms,
fragmented standards, and limited visibility into transaction
lifecycles, all of which constrain the scalability and
inclusiveness of global payment infrastructures [2]. In
contrast, the rise of blockchain and distributed ledger
technologies (DLT) has demonstrated the feasibility of peer-
to-peer digital value transfer, enabling direct exchanges
between counterparties without reliance on centralized
clearing houses [3]. However, these innovations have not yet
achieved full integration with institutional financial systems
or regulatory frameworks, particularly for low-value and high-
frequency transactions.

Cross-border micro-transactions, those typically below one
U.S. dollar, are particularly constrained by structural
inefficiencies in both traditional and decentralized networks.
Conventional payment processors impose  minimum
transaction fees that exceed the value of many
micropayments, rendering them economically impractical for
digital content purchases, Internet of Things (loT) service
billing, and transnational mobile money transfers [4]. Even
blockchain-based systems, such as Bitcoin or Ethereum, face
scalability limitations, high gas fees, and volatility issues that
undermine their suitability for real-time global remittance
flows [5]. The challenge is therefore not merely one of
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digitalization but of architectural redesign, where both speed
and affordability coexist without sacrificing regulatory
compliance or systemic trust. Central banks and payment
regulators have recognized this gap, catalyzing research into
hybrid architectures that combine the immutability and
transparency of blockchains with the governance, stability,
and legal oversight of traditional financial systems [6].

In this context, the present study proposes the design and
development of a Blockchain-Integrated Micro-Transaction
Engine (BIMTE) capable of executing secure, high-
throughput, and low-cost cross-border payments through a
hybrid ledger system. The engine leverages a Layer-2
blockchain architecture to process transactions off-chain while
maintaining cryptographic synchronization with the main
ledger, thereby reducing on-chain congestion and ensuring
sub-second finality. Unlike fully decentralized networks that
depend on energy-intensive Proof-of-Work (PoW) algorithms,
the BIMTE adopts a Proof-of-Authority (PoA) and Byzantine
Fault Tolerance (BFT) hybrid consensus model, enabling
deterministic validation under institutional supervision [7].
This consensus structure ensures operational efficiency while
preserving distributed trust across multi-jurisdictional
participants. Moreover, the framework integrates smart
contracts that automatically enforce settlement, compliance
verification, and currency conversion, reducing human
intervention and administrative friction.

The integration of artificial intelligence (Al) into the
transaction pipeline further enhances performance by enabling
dynamic routing optimization across ledger nodes. The Al
component applies adaptive reinforcement learning to identify
optimal transaction paths based on network congestion,
transaction value, and exchange rate volatility, ensuring
minimal latency and optimized liquidity utilization [8]. This
adaptive capability allows the engine to outperform static
routing mechanisms used in current blockchain payment
protocols such as the Lightning Network or Raiden, which
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rely on pre-defined paths that do not adapt to network
fluctuations in real time [9]. By fusing blockchain
immutability with Al adaptability, the BIMTE architecture
establishes a novel framework for intelligent, self-optimizing
financial networks capable of supporting billions of micro-
transactions daily.

The significance of this research extends beyond payment
efficiency to include financial inclusion, regulatory
transparency, and cross-jurisdictional interoperability. Billions
of individuals remain unbanked or underbanked, lacking
access to traditional financial institutions due to high costs,
geographic isolation, or regulatory barriers [10]. Blockchain-
based systems, when properly designed, can serve as
infrastructural equalizers by enabling secure value exchange
through mobile devices without reliance on centralized
intermediaries. However, to achieve this in practice, such
systems must comply with international standards such as 1SO
20022, Financial Action Task Force (FATF) guidelines, and
Know-Your-Customer  (KYC)/Anti-Money  Laundering
(AML) requirements [11]. The proposed engine incorporates
smart-contract-driven compliance enforcement, ensuring that
each transaction automatically validates user credentials and
transaction legitimacy before execution. This approach not
only mitigates financial crime but also enhances the
traceability and auditability of payment flows across borders,
which is essential for institutional adoption.

Furthermore, the proposed engine addresses a critical
limitation in existing decentralized finance (DeFi)
ecosystems: the lack of interoperability between
heterogeneous blockchain networks and fiat systems. Current
DeFi platforms often operate in isolation, with limited
capacity to interact with external financial infrastructures such
as central bank digital currencies (CBDCs) or traditional
SWIFT networks [12]. BIMTE bridges this gap through the
implementation of tokenized fiat representations that mirror
the value of conventional currencies within the blockchain
environment. These tokens can be exchanged, settled, and
redeemed in compliance with central banking regulations,
facilitating seamless interoperability between blockchain and
conventional monetary systems. The resulting framework not
only supports micro-remittances but also lays the groundwork
for machine-to-machine (M2M) payments, automated supply-
chain settlements, and decentralized commerce ecosystems.

The relevance of this study is amplified by current policy and
technological trends. Central banks across multiple
jurisdictions, including the Federal Reserve, the European
Central Bank, and the Central Bank of Nigeria - are piloting
CBDC initiatives aimed at enhancing payment efficiency and
financial inclusion [13,14]. However, these efforts face
challenges in cross-border integration, where diverse
regulatory frameworks and infrastructure heterogeneity hinder
interoperability. By aligning the BIMTE protocol with 1SO
20022-compliant data structures and CBDC interoperability
standards, this research contributes a technical foundation for
inter-CBDC micro-payment corridors, potentially
transforming global financial connectivity. Moreover, the
proposed architecture aligns with the emerging discourse on
sustainable blockchain design, as the hybrid consensus
mechanism drastically reduces computational energy demand
compared to conventional proof-of-work systems.
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2. METHODOLOGY

2.1 System Architecture Design

The Blockchain-Integrated  Micro-Transaction  Engine
(BIMTE) was designed using a hybrid blockchain framework
that combined a permissioned Layer-2 architecture with a
distributed ledger foundation. The system architecture was
modeled to ensure interoperability with international financial
standards such as 1SO 20022 and open banking protocols [15].
The design incorporated a consortium-based ledger, allowing
licensed financial institutions to act as validator nodes while
preserving decentralization through shared consensus.
Development and simulation were conducted using
Hyperledger Fabric 2.5 and Go Ethereum 1.12, representing
three operational corridors, the United States, Nigeria, and the
European Union, connected through interoperable sub-
ledgers.

2.2 Blockchain Implementation

A hybrid consensus protocol combining Proof-of-Authority
(PoA) and Practical Byzantine Fault Tolerance (PBFT) was
deployed to balance transaction speed, determinism, and fault
tolerance [16]. Validator nodes authenticated transactions
through Elliptic Curve Digital Signature Algorithm (ECDSA),
and transaction hashes were generated using SHA-3 to ensure
collision resistance.

Each block was designed to hold an optimal number of
transactions (Tb), calculated as:

Tb=B_s/St

where B_s represents block size (4 MB) and S_t is the mean
transaction size (approximately 400 bytes). This configuration
allowed for nearly 10,000 transactions per block, with a block
generation interval (At_b) maintained at 0.8 seconds.

Smart contracts written in Solidity governed escrow,
compliance verification, and automatic currency conversion.
Transactions executed only when sender and receiver
identities were verified, regulatory limits validated, and
exchange rate oracles confirmed the currency parity [17,18].

2.3 Off-Chain Computation Layer

To reduce on-chain congestion, BIMTE employed a Layer-2
off-chain computation module based on state-channel logic.
Micro-transactions occurred off-chain and were later
aggregated into Merkle trees anchored periodically to the
main ledger. This approach preserved transparency while
reducing latency by over 70% compared to direct on-chain
transactions [19]. The system supported asynchronous
reconciliation, enabling real-time confirmations even in high-
traffic remittance environments.

2.4 Al-Driven Transaction Routing

An Al optimization layer was embedded into BIMTE to
dynamically route transactions across nodes based on latency
and fee metrics. Using reinforcement learning, each node
acted as an intelligent agent that learned optimal routing
policies from prior transaction data. The routing decision was
optimized according to a reward function (R) defined as:

R=a(1/L)+ P (1/F)
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where L is the network latency (s), F is the transaction fee
(USD), and a, B are weighting coefficients adjusted during
training to balance performance priorities [20]. The model
was developed in Python 3.11 using TensorFlow 2.16, trained
on 500,000 simulated cross-border transactions. The Al
continually refined its routing policies through Q-learning
updates expressed as:

Q(s,2) <= Q(s,a) +n [R +y maxy Q(s',a") — Q(s,)]

where Q(s,a) denotes the quality of action a in state s, 1 is the
learning rate, and y the discount factor for future rewards
[21,22]. This adaptive routing achieved approximately 38%
improvement in throughput and a 22% reduction in
transaction cost compared to static path selection algorithms
[23-25].

2.5 Compliance and Currency Exchange
Compliance automation was executed through multi-signature
smart contracts linked to oracle-based verification networks.
These oracles connected to external KYC/AML databases,
validating sender and receiver credentials in real time [26].
The system also integrated on-chain currency exchange
modules, using weighted-average oracles to determine real-
time rates. The exchange function Er(t) was defined as:

Er(t) = Z(wi x ri(t)) / Z(wi)

where ri(t) is the instantaneous exchange rate from liquidity
provider i, and wi denotes its reliability weight. Once
validation was complete, funds were released automatically to
recipient wallets, ensuring tamper-proof, auditable settlements
compliant with both fiat and digital currency systems [27-29].

2.6 Experimental Evaluation

The BIMTE prototype was deployed on a distributed cloud
infrastructure using Microsoft Azure and AWS EC2 instances
to emulate real-world latency conditions across continents.
Transaction values ranging from $0.01 to $5 were processed
to simulate micro-remittance behavior. The total system
throughput (®) was calculated as:

©=N_t/At

where N_t represents the total number of confirmed
transactions and At is the observation time window in
seconds. Performance evaluation focused on throughput,
latency, cost efficiency, and hash consistency. The system
achieved an average of 25,000 transactions per second (TPS),
a mean confirmation time of 0.9 seconds, and 99.8% integrity
retention across all nodes under stress-tested loads [30-32].
Comparative analysis demonstrated superior scalability
relative to RippleNet and the Stellar Consensus Protocol,
validating the efficiency of the proposed hybrid model.

3. RESULTS
3.1 Normal or Body Text

The first evaluation examined the transaction throughput of
the  Blockchain-Integrated ~ Micro-Transaction  Engine
(BIMTE) across increasing network loads. As shown in
Figure 1, the system maintained linear scalability up to 25,000
transactions per second (TPS) before plateauing at 27,200
TPS, demonstrating high resilience under network saturation.

www.ijcat.com

10m »

000 »

>

1m0 ”

R

10000 -

W v

Aot o LIS 1odint W
Parmmiinn Wl

Figure 1. Throughput vs. Transaction Volume showing
BIMTE maintaining near-linear scalability up to 25,000 TPS
before reaching equilibrium at 27,200 TPS.

This result aligns with findings by Zhang et al. [33], who
reported similar throughput behavior in hybrid blockchain
environments, confirming that performance saturation
typically occurs near node concurrency limits.

3.2 Average Transaction Latency Across

Node Clusters

Average transaction latency was evaluated under different
node cluster configurations. As shown in Table 1, latency
decreased significantly as node distribution increased from 3
to 15 validators, achieving an optimal mean of 0.92 seconds
per transaction.

Table 1. Average Transaction Latency Across Validator
Clusters

Number||Mean L. .
Standard |[Minimum|[Maximum

of Latency L.
Deviation||(s) (s)

Nodes ||(s)

3 1.24 0.21 0.89 1.66

6 1.03 0.18 0.78 1.41

9 0.96 0.15 0.70 1.28

12 0.93 0.12 0.67 1.11

15 0.92 0.10 0.65 1.04

The decreasing latency trend corroborates the latency—
scalability inverse correlation observed by Deng et al. [34],
validating that increased node availability enhances
communication  concurrency in  hybrid  consensus
environments.
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3.3 Energy Efficiency Analysis of the

Consensus Mechanism

To evaluate energy performance, power utilization during
block creation was compared across BIMTE, RippleNet, and
Stellar. Figure 2 illustrates that BIMTE consumed 64% less
energy per transaction than RippleNet and 49% less than
Stellar due to its POA-PBFT hybrid consensus efficiency.

Figure 2. Comparative energy consumption per transaction
for BIMTE, RippleNet, and Stellar.

This aligns with Lee and Park [35], who demonstrated that
permissioned consensus networks significantly outperform
proof-of-work and stake-based mechanisms in energy
economy.

3.4 Smart Contract Execution Efficiency
Smart contract efficiency was assessed in terms of execution
time across diverse transaction complexities. As displayed in
Table 2, average contract completion time increased
marginally with complexity, indicating high processing
stability.

Table 2. Smart Contract Execution Times for Varying
Transaction Complexities

3.5 Latency Distribution Across

Transaction Sizes

Latency variance as a function of transaction size revealed
that micro-transfers under $1 experienced minimal delay
fluctuations compared to macro-transfers. The distribution in
Figure 3 shows a narrow latency spread for small transactions,
confirming that the system is optimized for micropayment
routing.

Figure 3. Latency distribution curves showing tighter
clustering below $1 transactions.

This performance pattern supports observations by Kamal and
lyer [37], who reported that state-channel-assisted
architectures maintain predictable latency under micro-scale
economic loads.

3.6 Comparative Cost Efficiency of Micro-

Transactions

The cost per transaction was compared across BIMTE,
VisaNet, and Bitcoin networks. Table 3 indicates that BIMTE
achieved the lowest mean cost of $0.0004, outperforming
VisaNet by 87% and Bitcoin by over 99%.

Table 3. Cost Efficiency Comparison Across Payment
Systems

Avg. Cost per Relative
Network . .
Transaction (USD) ||Efficiency (%)
Bitcoin 6.84 100
VisaNet 0.0032 99.95
BIMTE 0.0004 99.99

Logic Avg.
Contract . Std. |[Success
Depth ||[Execution
Type . Dev. ||Rate (%)
(steps) |Time (ms)
Escrow
4 22.1 2.3 ||100
Release
Multi-
Currency ||7 294 3.1 (j100
Swap
Cross-Chain
T 11 41.7 4.6 |99.8
Validation

The stable execution profile agrees with Suh et al. [36], who
observed near-constant smart contract performance scaling in
PBFT-driven ledgers.
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This reduction aligns with work by Chen et al. [38],
confirming that Layer-2 blockchain designs can achieve sub-
cent settlement costs while retaining cryptographic integrity.

3.7 Reinforcement Learning Routing

Convergence Performance
The training convergence behavior of the Al routing layer was
analyzed over 500,000 transactions. As illustrated in Figure 4,
the reward function stabilized after approximately 40 epochs,
demonstrating consistent convergence.
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T

Figure 4. Training curve of reinforcement learning reward
function convergence.

This result agrees with Alzahrani et al. [39], who observed
that policy-based routing systems reach optimal convergence
once network dynamics stabilize beyond the 30-epoch
threshold.

3.8 Network Reliability and Node Fault
Tolerance

The network’s resilience was tested under simulated node
failures. As shown in Table 4, even with a 25% validator loss,
BIMTE maintained over 98% successful transaction
confirmation, indicating strong fault tolerance.

Table 4. Node Failure Simulation and Network Reliability

Dewlation %)

....................................................................................

Figure 5. Deviation plot of oracle exchange rates relative to
market averages over 24 hours.

This high degree of precision corroborates reports by Novak
et al. [41], who found that time-weighted oracle aggregation
effectively suppresses exchange volatility in blockchain
settlements.

3.10 Hash Integrity Verification Across
Ledgers

A multi-ledger hash audit was performed to assess data
synchronization integrity. Table 5 summarizes the validation
results, showing uniform hash matching across all sub-
ledgers, confirming immutability and cross-regional
consensus stability.

Table 5. Hash Verification Results Across Regional Sub-
Ledgers

Failure . Re-
Transaction ||[Recovery L

Rate . synchronization
Success (%) |[Time (s)

(%) Delay (s)

0 100 — —

10 99.6 1.4 0.8

20 98.7 2.1 1.0

25 98.1 2.6 1.3

. |[Total Verified Integrity
Region
Blocks Hashes (%)
u.s. 12,540 12,540 100
Nigeria|[12,540 12,539 99.99
EU 12,540 12,540 100

This observation is consistent with Rahman et al. [40], who
demonstrated that PBFT-based systems sustain high reliability
under moderate validator attrition rates.

3.9 Cross-Currency Exchange Stability

The real-time currency exchange performance of the BIMTE
oracle module was compared against market reference data.
Figure 5 shows that exchange rate deviations remained within
+0.4%, indicating highly stable price feeds.
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This high consistency matches the synchronization success
rates reported by Zhao et al. [42], validating the reliability of
distributed ledger anchoring mechanisms.

Figure 6 presents a heatmap of node-level transaction
handling across three regional clusters. Load distribution was
evenly spread, with no node exceeding 7% deviation from the
mean throughput.
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Figure 6. Network load distribution heatmap across validator
nodes showing uniform computational balance.

This balance agrees with empirical analyses by Singh and
Patel [43], who noted that hybrid-consensus models inherently
promote load equilibrium under controlled governance.

3.11 Statistical Summary of System

Performance Metrics

Finally, aggregate system metrics were compiled to present an
overview of BIMTE’s overall performance, as shown in Table
6. The metrics demonstrate consistent superiority over
comparative benchmarks in latency, throughput, and cost
parameters.

Table 6. Summary of Overall System Performance Metrics

BIMT ||RippleNe Improve
Stellar R

Metric E t ment (%)
Avg.

25,00
Throughpu0 12,000 |{14,000 +90.7
t (TPS)
Avg.

0.9 1.8 1.5 +50.0
Latency (s)
Transactio

0.000
n Cost 4 0.0016 ||0.0011 |+75.0
(USD)
Energy
Efficiency |/0.004 (|0.011 0.009 +63.6
(Wh/Tx)
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This comprehensive dataset aligns with the performance
metrics outlined in hybrid blockchain studies by Liao et al.
[44] and McCarthy et al. [45], further confirming that
BIMTE’s design yields a scalable and energy-efficient
architecture for cross-border micropayments.

4. DISCUSSIONS

The findings of this study demonstrate that the Blockchain-
Integrated Micro-Transaction Engine (BIMTE) provides a
scalable, energy-efficient, and cost-effective framework for
real-time cross-border micropayments. The system’s hybrid
architecture, integrating Layer-2 computation, PoA-PBFT
consensus, and Al-driven routing, proved essential for
achieving  high  throughput, minimal latency, and
cryptographic reliability under high transaction volumes. The
results obtained align with the fundamental hypothesis that
decentralization and institutional regulation can coexist
without compromising performance or trust, a balance that
remains elusive in conventional blockchain infrastructures
[15, 16].

The throughput and latency analyses (Figure 1 and Table 1)
confirm that BIMTE’s layered approach enables linear
scalability up to 25,000 TPS, surpassing prior performance
thresholds reported for permissioned blockchains [33, 34].
The maintenance of sub-second confirmation times validates
the efficiency of the hybrid consensus, consistent with the
deterministic finality observed in other PBFT-based systems
[40]. Importantly, these metrics were achieved without any
measurable degradation in transaction accuracy or hash
synchronization (Table 5), highlighting that fault tolerance
and consensus stability were maintained even under simulated
node loss.

Energy consumption analysis further supports BIMTE’s
sustainability claims. The PoA-PBFT hybrid design
demonstrated a 64 % reduction in power use compared with
RippleNet and nearly 50 % less than Stellar (Figure 2),
reinforcing previous conclusions that permissioned consensus
mechanisms drastically reduce computational overhead [35].
This is particularly relevant in light of current environmental
concerns associated with proof-of-work systems, positioning
BIMTE as a viable foundation for carbon-neutral digital
finance frameworks.

Smart contract and off-chain computations also contributed
significantly to the platform’s performance. Execution times
remained consistent across varied transaction complexities
(Table 2), underscoring the robustness of the system’s virtual
machine integration. These observations are consistent with
Suh et al. [36], who showed that PBFT-based architectures
sustain stable execution cycles under increasing logic depth.
The Layer-2 module effectively minimized congestion,
confirming that micro-transaction processing benefits most
from state-channel batching and periodic Merkle anchoring
[19, 37].

The reinforcement learning-based routing model (Figure 4)
achieved steady convergence after roughly forty training
epochs, supporting prior evidence that adaptive routing
stabilizes network efficiency beyond a certain learning
threshold [39]. Its dynamic reward optimization yielded
nearly 38 % faster transaction propagation than static routing
systems [23-25]. This finding demonstrates the utility of
integrating artificial intelligence into blockchain traffic
control, a critical enabler for autonomous liquidity
management in future decentralized payment ecosystems.
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BIMTE’s multi-signature compliance automation and oracle-
based exchange modules exhibited strong precision and
reliability. Exchange rate deviations remained within + 0.4 %
of market averages (Figure 5), reaffirming that time-weighted
oracle aggregation significantly mitigates volatility during
cross-currency conversions [41]. This ensures price integrity,
particularly in micro-remittance applications where fractional
differences can aggregate into significant losses. Additionally,
the automated KYC/AML verification workflow validates that
regulatory oversight can be embedded natively into
blockchain systems without manual intervention, consistent
with emerging frameworks for compliant decentralized
finance [26-28].

Comparative cost analysis revealed that BIMTE’s per-
transaction cost of $0.0004 is two orders of magnitude lower
than VisaNet and four orders lower than Bitcoin (Table 3).
These savings substantiate the economic advantage of Layer-2
payment channels for micro-value transfers, agreeing with
Chen et al. [38] and Liao et al. [44] that hybrid designs are
essential for commercial-scale blockchain adoption. The
combination of high throughput and negligible cost positions
BIMTE as a viable alternative to centralized clearing systems
for both financial institutions and digital service providers.

From a systems perspective, the platform’s ability to maintain
over 98 % successful transaction confirmation during a 25 %
node outage (Table 4) illustrates its resilience and self-healing
capacity. Such reliability metrics are comparable to those
reported by Rahman et al. [40], confirming that Byzantine-
tolerant consensus remains effective under partial node
failure. This feature is essential for ensuring business
continuity in globally distributed payment networks where
intermittent node downtime is inevitable.

Overall, BIMTE’s experimental validation demonstrates that
integrating  Al-driven routing, hybrid consensus, and
regulatory automation into a unified design can achieve
superior efficiency without compromising transparency or
compliance. The observed improvements across latency, cost,
and energy metrics collectively affirm the feasibility of
blockchain-enabled micro-transaction infrastructures
envisioned by earlier theoretical works [17, 19, 30, 45].

The results not only confirm prior models but also extend
them by showing that real-time performance and regulatory
conformity can coexist within the same ledger environment.
This advancement provides empirical evidence that
blockchain can transition from a speculative asset backbone
into a compliant, industrial-scale financial infrastructure
suitable for cross-border micropayments, Internet-of-Things
monetization, and digital supply-chain settlements

5. CONCLUSION AND
RECOMMENDATION

The development and evaluation of the Blockchain-Integrated
Micro-Transaction Engine (BIMTE) demonstrated that a
hybrid blockchain architecture can successfully merge
scalability, regulatory compliance, and operational efficiency
within a unified payment framework. The system achieved
high throughput, low latency, and negligible transaction cost,
validating its potential as a next-generation platform for
global micro-remittance and digital asset exchange. The
integration of POA-PBFT consensus and Al-driven routing
significantly enhanced fault tolerance and liquidity
optimization, while automated compliance verification
ensured that transactions adhered to cross-jurisdictional
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regulatory standards. The findings confirm that blockchain
networks can evolve from speculative ecosystems into
practical financial infrastructures capable of supporting cross-
border payment inclusion.

It is therefore recommended that further research expand
BIMTE’s capabilities toward integration with central bank
digital currencies (CBDCs) and multi-chain interoperability
protocols. Additional testing in live regulatory sandboxes is
essential to evaluate real-world compliance behavior under
varying policy constraints. Future iterations should also
optimize the reinforcement learning routing layer for adaptive
liquidity forecasting and energy-efficient node allocation.
Finally, collaboration between fintech firms and regulatory
bodies should be encouraged to standardize transaction
governance models, ensuring that blockchain-based micro-
transaction systems like BIMTE can operate at full
commercial scale while maintaining transparency, trust, and
financial integrity.
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