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Abstract. Digital supply chain is a unified system for companies to optimise
the data among partners. Grocery supply chains are yet struggling with the in-
novative solutions for data management across all stages. Blockchain is the
standard for transparency and traceability in grocery supply chains. It enhances
traceability, supply chain visibility, authenticity and ethical sourcing. This pa-
per assisted local grocery retailers in implementing blockchain to increase their
adaptability and benefit the company. However, its effectiveness is dependent
on the quality of the input data. The classic “Garbage in, garbage out” dilemma
remains a major hurdle for any blockchain project. Errors from IoT devices, in-
accurate inventory logs, or even simple human mistakes get permanently rec-
orded on the ledger. This undermines trust and can create major operational
headaches. So, this paper has addressed this problem with a novel approach to
integrate Convolutional Neural Networks (CNN) with blockchain for effective
supply chain management.

This paper outlines a framework for Intelligent Data Validation Layer (IDVL)
that utilizes CNNs to evaluate data before it is uploaded to the blockchain. The
model analyses multi-dimensional data streams such as temperature readings,
inventory quantities, pricing, and shipment tracking to identify anomalies. It
combines [oT device cross validation and smart contract-based integrity scores
to confirm the data’s authenticity and reliability. Compared to RNNs (Recurrent
Neural Networks) and more traditional validation techniques, CNNs detect a
higher rate of inconsistencies, especially with data coming from diverse
sources. The outcome is improved data quality, streamlined operations, and in-
creased consumer trust throughout retail and grocery sectors.
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1 Introduction

Grocery retailers are facing more demand than ever. A robust supply chain for han-
dling the partners for real-time visibility, data validation, payment record and avoid-
ing bull-whip effect is imperative for a company's operational control. Consumers
need greater transparency, and regulators require detailed traceability (Montecchi et
al., 2021). This contributes to a more competitive environment.

Integration of digital tools is inevitable for smarter supply chains. Among the revolu-
tionized digital solutions, blockchain is a booming adoption in this industry for cost-
effective results (McDaniel & Norberg, 2019). According to Omale (2019), it was
predicted that by 2025, 20% of the top 10 global grocers will use blockchain technol-
ogy to enhance food safety and traceability, creating transparency in product produc-
tion, quality, and freshness (Farmonaut, 2025). This technology not only builds con-
sumer trust and loyalty by certifying product standards but also supports rapid identi-
fication during recalls, with grocers like Walmart, Unilever, and Nestl¢ already adopt-
ing blockchain for farm-to-store tracking and contamination traceability (Hall, 2024).
Blockchain delivers an unchangeable, auditable log of activities, security and record
maintenance (Zheng & Lu, 2021). The ledger holds data providing strong network
coordination and integrating network participants with trust and traceability (Kumar
et al., 2023). Blockchains are powered for multiple areas: smart contracts, supply
chain, asset tracking and many more (Vadgama & Tasca, 2021).

Blockchain is not just a catchy term, it is actually changing how grocery- retail supply
chains operate by making data more trustworthy, transparent, and simple to trace (An
et al.,, 2023). Imagine this: every move, from buying goods to shipping them and
monitoring their condition, gets recorded on a shared ledger. No one can secretly
change the numbers or fake the details, because everyone involved from farmers and
transporters to store managers and even shoppers perceive the same unchangeable
record. No middlemen, no arguments. Just one reliable source. Smart contracts jump
in to take care of things automatically, like paying suppliers or updating stock as soon
as something happens. This leads to smoother operations and a lot more trust at each
step.

This paper directly addresses these challenges by proposing a more intelligent solu-
tion: a CNN-driven IDVL that screens data before it is committed to the blockchain.
The objective is straightforward—only accurate, validated, and anomaly-free data
should go on-chain.

2 Literature Review

Effective supply chain management is becoming crucial for grocery retailers as they
can earn more profits (Gera et al., 2022). Moreover, revenue generation through real
time tracking of goods at all levels of supply chain and integration of information in
each transaction becomes quintessential (Modi & Arora, 2024). Companies’ internal
governance and policies should be strategically set to compete with external markets
(He et al., 2024). Achieving Supply chain efficiency through enhanced inventory
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turnover, production efficiency and support for carbon neutrality goals contributes to
total factor productivity (Teng et al., 2024). In today's business world, achieving such
smart supply chains is of utmost importance. Digital transformations in supply chains
are aiding in attaining the goal (Mashalah et al., 2022). Combinations of digital tools
are explored for impressive achievements.

In fisheries management, blockchain enhances transparency, traceability, and real-
time monitoring of fishery products from catch to consumer, which helps combat
illegal fishing and ensures sustainability (Alsharabi et al., 2024). Blockchain has
advanced its application in textile and clothing Industry addressing the challenges of
information asymmetry and data security, ensuring product authenticity and ethical
sourcing while promoting a transparent, efficient, and sustainable supply chain
(Agrawal et al., 2021). In the food industry, blockchain offers an impactful solution
by ensuring product authentication, responsible sourcing and stewardship (Rajput et
al., 2025; Cozzio et al., 2023; Rogerson et al., 2020). However, there has been discus-
sions on challenges of block chain errors and security while suggesting best practices
for optimum utilization of the technology (Magalhées, 2025; Guo & Yu, 2022).

This paper recommends the blockchain as the solution for smart supply chains com-
pared to other tools due to many reasons. First of all, due to its cost-effectiveness.
Secondly, integration of CNN with blockchain provides the flexibility of program-
ming as per requirement and data validation (Mousa et al., 2024). Deep learning and
Al are also integrated in the supply chain by high scale companies due to no cost
barriers (Yu et al., 2024). Advanced deep learning is integrated in the food industry
posing challenges and further research (Khan, 2020). However, it is challenging for
small and medium scale companies for such investments.

So, application of blockchain in grocery retail is focused in this paper. There is a sig-
nificant caveat: if incorrect data goes in, it is incorrect forever. That is the essence of
the “Garbage In, Garbage Out” problem (Powell et al., 2021). Chauhan & Patel
(2023) highlighted Garbage In, Garbage Out” (GIGO) as the main obstacle for block-
chain in grocery logistics. The problems encountered are entering the wrong expira-
tion date, a temperature sensor malfunctions, or a manager records the wrong stock
amount, that error is logged on the blockchain and shared across the network. This
can lead to inaccurate inventories, missed product recalls, or compliance failures. In
grocery, where precision and freshness are critical, even minor errors can be costly
and damage a company’s reputation (Kumar et al.,2024).

Kumar & Zhang (2021) applied rule-based filters before adding data to the block-
chain, but these approaches lacked adaptability. Lee et al. (2022) used RNNs to spot
irregularities in time-series data, but struggled when handling multiple sensor inputs.
Rao & Mehta (2024) advocated for combining blockchain with Al for data validation,
but didn’t delve into deep learning techniques. Singh et al. (2025) leveraged CNNs for
detecting financial fraud, showing CNNs can learn complex patterns, but didn’t ad-
dress retail or grocery settings.

This paper delves into a CNN-based data validation layer tightly linked with IoT and
smart contracts specifically for retail and grocery blockchains (Duke’s Fuqua School
of Business, 2024). This research addresses the above gap with innovative architec-
ture and novel algorithms.
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3 Research Problem and Objectives

3.1 Problem Statement:

Blockchain excels at creating permanent records, but falls short in evaluating the va-
lidity of the data. In retail and grocery, information flows from sensors, POS systems,
supplier databases, and manual entries, quickly leading to data chaos. Once erroneous
data is on the blockchain, it is nearly impossible to correct.

3.2 Objectives
This research focus on following objectives:

e To study the implementation of blockchain at a grocery and understand the causes
of GIGO in blockchain-enabled grocery systems.

e To develop a CNN-based Intelligent Data Validation Layer (IDVL) to detect
anomalies before data reaches the blockchain.

e To compare CNN performance with (Recurrent Neural Networks (RNNs) and
traditional models to determine which best validates heterogeneous data sources.

e To analyze how better data quality translates into operational improvements, in-
creased trust, and long-term gains.

4 Grocery Supply Chain: Blockchain Application

4.1 Blockchain Implementation

In grocery, blockchain proves effective through transparency in transaction and record
maintenance. It enables tracing of items, when it expires, and how it is being handled.
It connects with IoT devices for sending real-time data. For instance, if a batch of
strawberries is not maintained under cool temperature, it provides a signal for action.
No guess works, no hiding of problems and information is shared among all the part-
ners at a time. Every detail, from the farm to the shelf, is checked by the network
before it is locked in, providing strong accountability and traceability through the
entire chain.

A local grocery store is considered under the study, where blockchain was imple-
mented. Challenges faced during the implementation are discussed in detail in this
section.

Implementation of blockchain in the grocery system has been explained below:



22 S. Bhosale et al.

D mty Purchases
—

I Lopaity & Ruwscds
>

Fig. 1. Blockchain Implementation at a grocery store

1.Digital Product Registration

The process begins with Digital Product Registration, which establishes the unique
identity of a product batch on the blockchain. At the supplier or source level, staff
inputs critical initial data, such as product type, origin location, and date of produc-
tion, into a simple web interface. This information is immediately hashed and record-
ed as the first immutable transaction on the blockchain ledger, and the system then
generates a unique QR code (or similar identifier) that is physically attached to the
product batch. This foundational step is easy to implement as it requires minimal data
entry but is crucial because it provides the permanent, cryptographically secured start-
ing point for all subsequent traceability.

2. Shipment & Location Logging

The Shipment & Location Logging feature ensures the product's journey is transpar-
ently documented throughout the supply chain. Whenever the product batch moves
from one location to the next (e.g., from the farm to the distribution center, then to the
retail store), staff simply use a handheld scanner or app to read the batch's QR code.
This scan automatically triggers a new, timestamped transaction on the blockchain,
recording the product's current location and the identity of the party receiving it. This
process is straightforward as it relies on simple scanning actions, yet it provides the
clear, verifiable chain of custody necessary for building the consumer-facing timeline.

3. Scan-and-Trace Display
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The Scan-and-Trace Display is the primary customer-facing feature, delivering the
core benefit of blockchain transparency. When a customer uses their mobile app to
scan the QR code on a physical item in the store, the app instantly queries the block-
chain using that unique product ID. The system then retrieves every transaction relat-
ed to that ID (registration, shipment logs, location updates) and presents it to the cus-
tomer in a simple, readable timeline format. This feature is low-complexity to imple-
ment because it focuses on reading and displaying existing, verified data, offering
customers immediate and unprecedented trust in the product's origin and journey.

4. Simple Digital Audit Log

For store management and operational efficiency, the Simple Digital Audit Log pro-
vides instant, verifiable oversight. This dashboard feature allows managers to apply a
filter—such as selecting a specific supplier, product category (e.g., "Dairy"), or time
frame—to instantly view all relevant blockchain transactions that have occurred with-
in the store's jurisdiction (e.g., receipt, stocking, sale, return). This log is powerful
because it uses the immutable, shared ledger to reconcile physical inventory with
digital records, simplifying inventory management and external compliance audits
with a single source of truth.

The challenge is, once the wrong data is on the blockchain, it is seized. It can neither
be erased nor fixed easily. This reflects even small enduring inaccuracies widely re-
garded as reliable. The majority of these issues arise when data is collected whether it
is due to operator mistakes/ people error, technological breakdowns, or things did not
go right. To prevent this, a smart check before anything gets added to the blockchain
is mandated. Things like Al-powered anomaly detection, CNN-based checks, or com-
paring data from different sensors help make sure that only clean, and accurate infor-
mation is recorded. Such measures maintain the integrity of the ledger right from the
beginning.

4.2  Analysis of blockchain application:

Grocery stores are among the busiest and most data-packed places in all of retail.
Each day is a blur of activity—managing inventory, talking with suppliers, handling
billing, coordinating deliveries, and making sales to customers. In smaller stores, a lot
of these tasks are still done manually or with outdated, disconnected software. Em-
ployees write down inventory numbers on paper or enter them into basic billing apps,
while supplier info and payment records end up scattered in spreadsheets or note-
books. None of these systems communicate with each other. That leads to delays in
restocking, overbuying certain products, or financial records that just don’t add up.
Furthermore, in today’s consumer world, shoppers want to know the origins of their
food and ensure its safety, yet outdated systems lack the capability to effectively trace
a product’s journey from the farm all the way to the store shelf.

If knitted closely at the challenges grocery store owners face, problems are consistent-
ly the same. The data in the system rarely matches what is actually on the shelves.
The computer might say there are twelve cans of beans left, but they are not availa-
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ble—or maybe they never got recorded in the first place. Human errors—typing in
wrong product codes, prices, or quantities—pile up and lead to confusing sales re-
ports.

Supplier management is chaotic too, since each supplier sends invoices differently
and expects payment on different timelines. Without a unified system, small mistakes
can grow into costly ones. Since groceries are perishable, they assume expiry dates
and storage get careful attention—but those are often tracked by hand, so food gets
wasted or, even worse, sold after it is spoiled.

This is where blockchain technology enters the picture. Blockchain is like a digital
ledger that everyone involved can see, but no one can change. It’s tamper-proof. In
grocery supply chains, every step—receiving stock, updating inventory, completing
sales—is logged as a digital record. Once entered, that record stays in the system
permanently, and everyone involved (suppliers, store owners, and even auditors)
views the same information instantly, with no disputes over whose data is correct.
Blockchain embraces smart contracts, which are like self-executing agreements. If a
customer is running low on milk, the system can automatically place a new order.
Alternatively, when a supplier makes a delivery, payment can be released automati-
cally, with no need for manual checks. This cuts down on manual work, speeds up
processes, and builds trust—eliminating back-and-forth arguments.

Combination of blockchain with [oT sensors, aids in monitoring the temperature and
humidity of shipments in real time This is crucial for perishable items such as cheese
or lettuce. This way customers will come to know the handling process of foods be-
fore reaching them.

In contrast, the disadvantage surfaces in the form of garbage in, garbage out. Block-
chain secures and preserves records, but it cannot tell if the data entered is correct in
the first place. If a shopkeeper rushes and enters the wrong expiry date, that mistake
gets locked in forever. The same goes for a faulty sensor that sends inaccurate tem-
perature data—the error is recorded permanently. As a result, all the traceability
checks might show incorrect information, and it ends in making decisions based on
bad data. Consider a simple case: someone puts in the wrong expiry date for a batch
of yogurt. Every check later will say it is safe, even if it is not. So, while blockchain
protects records from tampering, it also makes any initial mistakes permanent, turning
them into an ongoing issue. That is why it is crucial to have some form of data valida-
tion—a smart filter that catches errors before they are written into the blockchain,
keeping the system accurate and trustworthy.

In the end, the main issue here is letting faulty data end up on the blockchain. To
solve that, a Convolutional Neural Network (CNN)-powered Intelligent Validation
Layer, or IVDL has been integrated into the system. Think of it like a smart bouncer
at the entrance—it checks every incoming data point before anything gets permanent-
ly recorded on the blockchain. CNN doesn’t just catch obvious errors. It learns from
previous data, detects unusual patterns from all kinds of sources—IoT sensors, sup-
plier documents, transaction logs—and can spot mistakes or even signs of fraud.

The CNN processes data through layers that identify features and patterns. Picture it
monitoring temperature readings from storage facilities. It learns what normal looks
like, so if there is a sudden jump or a missing signal, it raises a flag.
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With transaction records, it can notice things like repeated entries, prices that are way
off, or inventory counts that do not add up. Every data point receives a Data Confi-
dence Score—a number indicating how much the system trusts the information. If the
score is high enough, the data is written to the blockchain. If it falls short, the data is
set aside for a human to review.

This approach is a real step forward. The system developed has the unbreakable secu-
rity and transparency of blockchain, combined with the intelligence and adaptability
of machine learning. Once data is on the blockchain, it is locked in. But the CNN
layer ensures that only reliable, high-quality data makes it through in the first place. It
acts as a smart filter that keeps bad data out—to eradicate “garbage in, garbage out.”
Moreover, if more data the CNN encounters—different suppliers, fluctuating invento-
ry, seasonal changes—the better it gets at detecting anomalies, making the system
smarter as it learns.

For grocery retailers, this is more than just impressive technology. It leads to less time
spent on manual reviews, fewer expensive errors, and increased customer confidence
because every product detail—origin, expiration date, everything—is verified. These
secure records make audits, quality certifications, and proving responsible sourcing
much easier. Moreover, with accurate, validated data, retailers can finally become
predictive—anticipating inventory shortages, spotting demand shifts, and avoiding
supply chain disruptions before they happen.

While implementation apart from its advantages, blockchain has reflected a major
weakness in the grocery supply chain: it cannot tell if the information going in is right
or wrong. If wrong data is entered, the output results in bad data addressing the classic
issue of “Garbage In, Garbage Out” (GIGO). In retail and grocery, this often happens
if IoT sensors malfunction, someone enters the wrong details at checkout, or supplier
data does not match up. Envisioning a broken temperature sensor saying those frozen
pizzas stayed cold, when in reality, they thawed out. Furthermore, messy inventory
records present inventory as concurrently accessible in different warehouses or stores.

4.3  Summary of problems faced while implementation

After implementation, five areas where inaccurate data is entered into the ledger is
identified:

1. Manual entry mistakes. Staff—often rushed or distracted—entered wrong expiry
dates or stock counts. About 17% of the records had typos or missing details, and all
of this was saved directly to the blockchain.

2. Supplier data mismatches. Each supplier reported in different units—some in kilo-
grams, some in packs, others in single items. When the system tried to combine these,
inventory records became jumbled.

3. TIoT sensor glitches. Cold storage sensors occasionally malfunctioned, logging false
temperature readings. Sometimes a sensor showed 4°C instead of 10°C, and that error
became permanent on the ledger.

4. Network latency. Unreliable internet slowed down transaction processing, so
shipment logs didn’t match up—sometimes it appeared that goods arrived before they
left the warehouse.



26 S. Bhosale et al.

5. Duplicate and missing scans. During busy hours, staff missed or double-scanned
QR codes. That led to duplicate records or missing entries, making it impossible to
track certain products.

5 Proposed System: CNN-Based Intelligent Data Validation
Layer (IDVL)

A model is proposed considering the issues discussed above. This model integrates
IDVL into the blockchain for effective results.

5.1 Framework Overview

IDVL acts as a gatekeeper stationed right before the blockchain. It double-checks
incoming data from a wide range of sources: sensors, databases, supplier systems, and
even manual reports. It ensures everything is valid, accurate, and consistent before it
gets permanently stored on the blockchain.

Three main engines drive this process:

1. Anomaly detection using a CNN

2. Cross-verification of sensor data from IoT devices

3. Smart contract validation that rates data integrity

5.2 Architecture Overview

Following diagram provides a detail overview of IDVL integration in grocery store
process:

1. Suppliers Z. Manufacturer 2. Store
Gives RFID ode Meets the suppliors” Fits arder to
with product s specifications Promotions, anamnd

information * Creates a OR code sales specifications
1 for traceability I

4. Retailer 5. Retailer &. Client
Scans updated Updates data records Scans updated Q code
OR cade to per arder based to get the complete
camplete products on business product’s information,
informatian. Intelligence from origin to

point of sale.

= [IDVL LAYER]
= Validates incoming data using =
i CHMN-based anomaly detection !
*

= Cross-verifies sensor data via laT

= Caleulates Data Integrity Score

(DIS)
[BLOCKCHAIN] [SMART CONTRACTS]
-+ Stores only validated -+ Enforta business rules
data (DIS = O.8) and maintain

anidit trail

Fig. 2. Implementation of IDVL in grocery supply chain
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Data flows in from everywhere: IoT sensors measuring temperature, humidity, GPS,
RFID tags; retail databases tracking inventory, sales, and prices; distributor systems
sending batch and shipping information and even manual quality inspection reports.
The first stop is the Data Preprocessing Engine. This module streamlines the data
removing duplicates, filling in missing values, and harmonizing different datasets.
Next, the CNN-Based Anomaly Detection Module analyses the data, looking for unu-
sual patterns like a sudden inventory jump or an out-of-range temperature. It produces
a Data Confidence Score (DCS) between 0 and 1, indicating how trustworthy the data
seems.

After that, the IoT Cross-Verification and Smart Contract Layer take over. It checks
the DCS by comparing sensor data in real time, calculates a final Data Integrity Score
(DIS), and only allows data with a DIS of 0.8 or higher to make it to the blockchain.
At the end of the pipeline sits the Blockchain Storage Layer. Only data that passes all
checks ends up here, securely locked for transparent audits and easy traceability.

5.3 CNN Model Design

The figure below provides information on working of CNN integrated blockchain:

Data Preprocessing Engine
Cleans & prepares raw data

CHN Anomaly Detection Module
Detects unusual patterns

Seed Data Confiderce duts

10T Cross-Verification & Smart ____J
Contracts
L Validates with real time

Fig. 3. CNN integrated blockchain process

1. Data input
The CNN brings in all kinds of data such as IoT sensor outputs, POS sales, logistics
records and supplier details. This data comes in varied formats, so the first step is to
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structure the data. That involves normalization, encoding, and aligning timestamps so
that data is congruent. For instance, the data set available is temperature, humidity,
product codes, and times. This data is converted into a consistent set of tensors. Now,
it does not matter whether the data is from a shop floor sensor or a supplier system—
it all slots together and ready for the CNN to analyze.

2. Architecture

The model itself is built on layers of convolutions (with pooling and fully connected
layers mixed in). The convolutional layers do the main work—they detect patterns
and connect features, like seeing how a rise in temperature links to spoilage. Pooling
keeps things efficient, reducing the data to the most valuable one which results in cost
and performance optimization. ReLU (Rectified Linear Unit) activations make sure
the model focuses on key signals. In the end, there is a dense layer that provides an
output- Data Confidence Score (DCS) from 0 to 1. The closer the score is to 1, the
more likely the data is good and ready for blockchain storage.

3. Training Approach

The training process uses a mix of records: some are confirmed to be accurate, others
are purposely altered—think of tampered sensor readings or missing details. This
helps the CNN learn to detect anomalies. The Adam optimizer (with a learning rate
near 0.001) drives the learning, and binary cross-entropy gauges the model’s perfor-
mance. Dropout and L2 regularization prevent the network from overfitting or becom-
ing overconfident. All of this helps the model deal with the unpredictable nature of
supply chain data.

4. Integration with Blockchain

After training, the CNN acts as a filter between the data sources and the blockchain.
Whenever a new data entry arrives, the CNN evaluates it and assigns a DCS. Smart
contracts take over: if the score is high, the data is sent to the blockchain. If not, the
entry gets flagged for review—Dby a person or maybe another automated process. This
system ensures that only reliable, high-quality data ends up on the blockchain, reduc-
ing junk and keeping the ledger clean. This solution revives the elimination of “Gar-
bage In, Garbage Out.

5.4  Comparison of CNN vs. RNN and Other Models

RNNS are great for predicting future events, like next day’s sales, but they struggle to
process large amounts of streaming sensor data in real time (Markose & Ponnuvar-
man, 2025). CNNs are better suited to catch abnormal readings and fraudulent data
before it enters the blockchain. This provides a solution for retail and grocery chains
that mandates real-time, pre-blockchain validation.

1. Rule-based systems handle one data source at a time, miss most patterns, and typi-
cally reach only 70% accuracy.
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2. SVMs perform a bit better, reaching up to 80% accuracy, but remain limited with
complex data.

3. RNNs excel at handling sequences and forecasting but slow down with heavy, real-
time, multi-sensor data.

4. The proposed CNN model is designed for multi-dimensional data, accurately de-
tects spatial and temporal anomalies, and achieves 91-95% detection accuracy. It
is fast (especially on GPUs), integrates seamlessly into blockchain workflows with
smart contracts, and scales smoothly.

5.5 Business and Technical Implications

a. Technical Impacts

Data reliability is significantly improved and bad data is filtered out before block-
chain storage. Real-time validation enables sub-second issue detection across any data
stream. The system scales readily across multiple stores and cloud platforms. Security
strengthens, as every data hash is verified before it is stored.

b. Business Benefits

Shoppers can genuinely trust product histories—blockchain records are accurate.
Reduced waste and fewer errors lead to lower costs and less spoilage. The system
supports compliance with stringent food safety and traceability regulations. Fewer
manual checks speed up payments and reduce costs. Brands distinguish themselves
through superior data quality and reliability.

6 Conclusion and Future Scope

At present, the CNN-based IDVL provides a robust and adaptive solution for safe-
guarding data quality within retail and grocery supply chains, particularly those lever-
aging blockchain infrastructure. By integrating the advanced pattern recognition ca-
pabilities of Convolutional Neural Networks (CNN), real-time monitoring through
IoT devices, and rigorous smart contract-based verification, the IDVL ensures that
only verified, high-integrity data is admitted onto the blockchain. This multi-faceted
approach not only filters out erroneous or malicious data but also guarantees that once
data is validated and recorded, its authenticity and reliability are preserved for all
stakeholders.

As the landscape of supply chain data continues to evolve, there are significant oppor-
tunities for further advancement. One promising direction involves merging CNNs
with Recurrent Neural Networks (RNNs), especially Long Short-Term Memory
(LSTM) architectures. Such a hybrid model would enable the system to capture and
interpret temporal trends, monitoring how data points shift and develop over extended
periods. This temporal awareness is particularly valuable for detecting anomalies,
forecasting demand, and identifying subtle patterns that static models might miss.
Additionally, adopting federated learning approaches could revolutionize collabora-
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tive model training across diverse retail organizations worldwide. With federated
learning, each participant can contribute to the collective intelligence of the system
without exposing sensitive or proprietary data, thereby enhancing accuracy while
upholding stringent privacy standards.

Looking forward, these enhancements promise to create a more resilient, responsive,
and privacy-preserving data validation framework. The convergence of deep learning,
distributed ledger technologies, and collaborative Al training will empower supply
chains to adapt dynamically real-world challenges, streamline operations, and nurture
trust among participants. As these technologies mature and integrate further, the vi-
sion of a truly intelligent, self-improving supply chain ecosystem immune to garbage
data and responsive to the complexities of global commerce draws ever closer to re-
ality.
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