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ABSTRACT

Abstract: Superstores are often rippled with people from a variety of the pyramid structure from lower,
middle and higher-levels of the pyramid. These malls often transform onto a busy-bee hub with people
wishing to explore the merits of discounted product prices and special offers. This, however causes a
surge in traffic coupled with the enticing promotions that then lead to endless queues at the various
cash-sales point and check-out counters. This case often poses inherent challenges both for business
owners and customers due to time constraint, product substitution and quantity tracking in such malls.
The study proposes WiSeCart - a wireless sensor-based shopping cart with near feature compatibility
feat. Result shows that the integration of a self-payment system via the NFC tech provisions the system
with: (a) reduced queue time so that customers can finish their shopping quicker with fast-paced
checkout process, (b) yields increase inventory management efficiency with reduced errors from
customer data entry using NFC communication stickers, and (c) improved data management capability
that allow for further study of customer behaviour for improved customer experience and service
delivery, which will in turn equip business owner with better managerial decision support.
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1. INTRODUCTION
For many customers, a common issue is the time wasted waiting over the counter [1] for having to be

attended to at the check-out counter vis-a-vis other associated constraint(s) with the long-queues
experienced in superstore [2], supermarkets and shopping centers [3]. While, this has become almost
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the new normal and skyrocketed during the covid-19 era from 2020 to date [4]-[6], it has
consequently also since being all-too-familiar source of annoyance [7], impatience [8]-[10] and a
recipe for uncontrollable disaster-in-the-waiting [11]-[13]. In addition to its influencing how efficiently
people shop in general, this phenomenon yields a number of socio-economic and psychological
ramifications [14]-[16] for both business owners and customer. These long-waiting times on queues
may directly impact on a consumer’s capability to effectively manage time. Also, for fast-paced
societies where the time commaodity is traded for a lot of other time-related and associated sots cum
penalties [17]-[19], the checkout process' inefficiencies will always add to a customers' frustrations
and dissatisfaction; And in turn, often yield degraded customer experience and trust-level [20]-[22].
Thus, experiencing the desired expectations within a seamless and speedy transaction - will improve
the desired customer experience, and likelihood of another round of purchase with loyalty to the
business [23], [24], and other associated effects.

The process of check-out involves payment of bills accrued for items or products that are purchased
from the superstore or mall [25]-[28]. This billing process, often particularly consist of barcode
scanning for each product for and a critical facet of the retail experience. But, the advent and
introduction of individual barcode scanning at the check-out counter for each product and for each
customer [29]-[32] - in indeed, time-consuming, especially during peak hours or during high volume
of customers. This time-consuming nature ensures time-wasted by the customers, not only impacts
the efficiency of the customers’ shopping experience; But, also yields longer queues, customer churn
or attrition and contributes to customer dissatisfaction.

The advent of shopping carts (rather than adoption of baskets) has continued to improve customer
experience - as it ensures customers can easily move their selected products for purchase around
the superstore without the heavy lifting accompanied with shopping experience. Shopping carts or
trolleys has continued to play a crucial and significant role in the customer shopping experience by
providing a temporary means of transporting goods before the checkout process [33].

These wheeled carriers are designed to enhance convenience and efficiency for customers as they
navigate through retail environments. Shopping carts serve as practical tools for customers to collect
and organize their selected items. The convenience they offer allows shoppers to move freely through
different sections of the store, selecting products without the constraint of carrying them manually
[34]. This functionality is particularly valuable in larger retail spaces where customers may have an
extensive list of items to purchase. Thus, the key to shortened queues with lesser shopping time
experience is the fusion of ubiquity, wireless sensor-based technology as schemes to ensure the
upgrade of the shopping carts so as to make them smarter [35], [36].

The design of the shopping trolley is intricately crafted with a clear orientation towards advancing
market services. Its evolution underpins a commitment to modernization, health considerations, and
the incorporation of user-friendly features with the clear intent of creating an experience that
surpasses contemporary consumer needs [37]. With modernization, carts or trolleys undergo a
transformation to align with the ever-evolving landscape of technological advancements to change
consumer expectations via its integration of innovative features and materials that today, embraces
cross-cutting technological trends [38] - to yield and contribute to a more sophisticated and forward-
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looking retail environment. Since its invention, shopping carts have undergone limited changes, with
most modifications centered around the adjustments in capacity and weight [39]. The basic structure
of the shopping cart, consisting of a metal frame with wheels and a basket, has seen minimal
alteration, emphasizing its enduring simplicity and utility. One notable area of modification has been
in the adjustment of the cart's capacity. Carts have been adapted to accommodate larger quantities
of items, leading to the introduction of larger carts or variations with expanded basket sizes to cater
to diverse shopping requirements [40]-[42].

Smart shopping cart as the proposed solution will be equipped with sophisticated microcontroller and
sensors that will ensure customer-adapted experience, which will turn - reduce time waste during the
billing process of barcode scanning of items and drastically, reduce the long queues in these shopping
centers. This sensor-based carts should be able to detects and identify products as they are placed in
the cart. It will then automatically scan the associate item barcode as well as compute the total cost
of all items placed therein. This will imply that customers will no longer be needed to queue on
checkout lines; And in turn, decrease the congestion experienced vis-a-vis the waiting-times
experienced.

The integration of a wireless sensor-based smart shopping cart promises a more streamlined and
effective shopping experience for customers [43]; while, aiding store management via an optimized
inventory stocking and reduced congestion. This fusion both simplifies the customer shopping
experience via real-time tracking of products inventory, automated checkout features, reduced time-
wait in queues, and enhances overall customer convenience and satisfaction. Store management can
access accurate data about product movement and stock levels to enable informed decision-support
with reduced time also for stockouts or overstock. In addition, this wireless sensor-based smart cart
will proffer enhanced the customer shopping with decongested queue and provision a valuable tool
for store management to optimize inventory and alleviate congestion [44]-[46].

1.1. Wireless Sensor-Based Networks (WSN) and Systems

Wireless sensor networks (WSN) are fastidious in their adoption and extension of virtual technology.
Exploits globally have witnessed the adoption of automation and virtual technologies today, ranging
from smart interfaces, remote controllers, etc. The core of which adapts embedded systems that can
achieve assistive paradigm with little modification - and can be explored to utilize mobile unit
capabilities. Thus, improving the quality of life for its users therein [47]-[49]. Due to fast-paced
advances in technology, smart systems yield a variety of options for its users, to create diverse low-
maintenance, robust, flexible, cost-effective, optimal solutions - whose adoption and adaption has
risen due to their societal dynamism demands and digital revolution [50]-[52].

Businesses that now integrate the use of informatics via server sites today - have experienced profits
from such low-maintenance, cost-effective implementations; This in turn, have yielded improved
administration and over-simplification that accompanies informatics integration - causing a paradigm
shift to virtualized environment [53], [54], which allows for the extension/expansion of shared
expensive hardware and software resources. Even with the many restrictions within virtual systems, a
critical feat or factor in its dearth in possibilities that can be assembled together in a single site, without
risking security as there are a plethora of choices to be made therein.
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We can address these via the fusion of all current (safety, monitoring and security functions/features)
on to a single mechanism. To help bridge the gaps - we adopt the frontier NFC mode of transaction
payment(s) with security options without conflict to ensure faster shopping experience, greater
satisfaction and its associated benefits than before [55]-[57]. Thus, intelligent security systems
evolve and are deployed to forestall illicit invasions of user privacy [58]-[60].

1.2. Wireless Sensor Networks: Review of Related Literature

Studies have proven and continued to explore the adoption cum adaption of the wireless sensor-based
networks (WSN) as means to extend their functionality and expand their capabilities with a view to
yield improved societal experienced with reduced dissatisfaction. Many of the previous studies on WSN
can yield thus. Yuan et al., (2021) Remote control functions via smartphone can be adapted for use
to implement main-door-entrance control as well as security control features. Its adaption can be
extended to the control also of home appliances via the integration of mobile-activated-security system
with Bluetooth established interface, designed to function on the microcontroller [61]. Nasir et al.,
(2021) Analyzed the microcontroller-based home-security automation using GSM. Their result
extended home automation faculties using 2-microcontrollers and other units with the GSM Module
responsible for its reliable operation(s) [62], [63].

Kong et al. [64] Used RFID-access control that exploited the USB to interact with the host system via
PIC16f877A [65]. Its graphic interface yielded functions as in [66] designed with Visual Basic to ensure
system flexibility. The system was however, found to lack faculties to truly identify a user via use of
camera or biometric function. Improving this system via the addition of camera and biometric
capability is possible via RFID-based sensor to ensure unauthorized access [67]-[69]. Bhavani et al.
[70] extended Kim et al. [65] graphic user interface to yield improved functionalities and ensure overall
system flexibility using camera to ensure true user identification and unauthorized access [70]-[72].

Obruche et al. [73] presented smart-home security using Bluetooth with mobile device capabilities for
door-lock automation. Their prototype design used the solenoid system fused with an android
smartphone feature for its taskmaster. With its Bluetooth command agent, the Arduino unit was used
as its data processing center [73]-[76]. Nasir et al. (2021) designed a remote-control system with
ARM 2148 microcontroller with LPC sensor to sends data signals via its ports to switch appliances
on/off. Its second microcontroller added capture and storage feats of an intruder’s images, unknown
to the intruder [77]-[79].

Zawislak et al., (2022) investigated the automatic password-based door lock system by utilizing
electronic technology to build an integrated, fully customized home security system at a reasonable
cost. The project is useful in keeping thieves and other sorts of dangers at bay [49], [80]-[82]. Zardi
et al., (2023) designed a password-protected home automation system with an automatic door lock
using the Arduino Uno board which is controlled by the ATmega-328. First, the user combination will
be compared with the pre-decided passwords stored in the system memory. If the user’s combination
matches the password, the door, light, and fan will be unlocked. The system was also built in a way
that it could be locked by just pressing one key. In this system, the Arduino-UNO board is used for
interfacing the various hardware peripherals. If the password is matched with a pre-decided password,
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then the Arduino simply operates the relay to open the lights and fan. The Arduino simultaneously
operates a DC motor through a motor driver for operating the door [83]-[85].

1.3. Motivation of the Study
Some associated challenges with WSN-adapted systems can include [86]-[89]:

1.

Customer Experience / Monetization; The challenge of long queue and extended wait
times at supermarket checkout counters goes beyond being a mere inconvenience; it
creates a cascade of negative effects that reverberate through both customer
experiences and the financial health of sellers. This prevalent issue significantly
impacts customer satisfaction, as the stress and frustration incurred during prolonged
wait times can cast a shadow over an otherwise positive shopping experience.
Customers entering a supermarket with the expectation of a quick and efficient
checkout process may find their satisfaction compromised when faced with long
queues. The cumulative effect of stressed customers in these situations has the
potential to erode the overall perception of shopping environment. Dissatisfied
customers, are more likely to share their negative experiences, amplifying the impact
on a retailer's reputation via spoken words or online reviews [90], [91].

Challenges with Traditional Solutions: Traditional solutions like opening extra checkout
stations or hiring more personnel are both costly and often ineffective in managing
high throughputs at supermarket counters. These methods may provide a temporary
fix, but they fail to efficiently address the root problems, leading to increased
operational expenses without a significant improvement in the customer experience.
Opening extra checkout stations requires substantial upfront and ongoing costs. This
includes investments in additional equipment, such as cash registers and conveyor
belts, as well as the physical space to accommodate new stations [85], [92]-[94].
Queue Reduction: There is a need for a more creative and effective solution to
decongest supermarket queues. One innovative approach involves implementing a
wireless sensor-based smart shopping cart. This system would enable customers to
scan and pay for their purchases as they shop, reducing reliance on traditional
checkout counters and enhancing overall operational efficiency. However, further
study is essential to assess the viability, efficacy, and potential obstacles associated
with implementing such a system in supermarket environments [90], [95], [96].
Security: To ensure unauthorized access, adversarial hack and tampering - smart-cart
security is a critical feature and challenge facing its development/deployment. While,
these smart-carts can be used in other aspects of our daily tasks endeavor, the
secured smart-cart must provide reasonable protection for user-sensitive and personal
data to prevent unauthorized access of such user data from/to these superstore
facilities [97].

Privacy Integration with IoTs: A key challenge with Internet of things (loT-enabled)
systems is that of privacy of user records/data from adversarial attacks vis-a-vis record
compromised and unauthorized access. To enhance user-levels of trust and data
privacy, such smart-cart must be linked/connected to the Internet via smart mobile
devices. This is aimed at ensuring the generated system is robust, productive and
innovative [98].
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6. Low Cost, Efficient Energy: To be deployed for use, smart-carts ubiquity must ensure it
is energy-efficient with reduced implementation cost. Thus, yield cheaper cost of
maintenance, which is a panacea for improved scheme integration with older system,
and reliability with its use in very restrictive scenes.

Thus, the study seeks to achieve security, user data privacy, improved user-trust, energy efficiency and
low-power computation via the development and deployment of a smart, virtual key-card door lock
system using the loT-enabled device(s).

2. MATERIAL AND METHOD

2.1. The Existing System

The supermarket/superstores are often not completely by design, equipped with systems that
promotes queue reductions and decongestion, secure customer belongings, prevent card information
theft, and reduce error when inputting product details into the electronic Point of Sales device when
demand increases which often leads to loss of sales [99]-[102]. The current system used is expensive
and requires constant updates, which requires internet access which incurs costs [103]. A
sophisticated process is used in the existing system for barcode scanner payments in supermarkets
to streamline the checkout experience for customers with breakdown of the main components as in
figure 1 as thus [4], [104]-[106]:

1. Barcode Scanners: Barcode scanners are devices that can read the information encoded in
the barcode and are found at supermarket checkout counters. Barcodes can streamline the
inventory management process speeding up data entry, supporting traceability and enabling
real time inventory control [99]. Each product in the supermarket has its own barcode. This
barcode serves as the product's digital identifier and contains information such as the
product name, price, and other pertinent details.

2. Point-of-sale (POS) serves as the checkout process’s central hub as thus: (a) it receives
product data from the scanner, (b) displays each selected product/item for purchase by the
customer, (c) computes and displays the total price on a screen for both the cashier and the
customer, and (d) it processes payments [107]. Thus, the customer places all items within
the cart on the checkout counter; while, the cashier uses the barcode scanner to scan each
product's barcode. The barcode is read by the scanner, and the encoded data is sent to the
POS unit, which then generates a detailed receipt after successful payment. Each receipt
contains a list of the items purchased, their associated prices, any applicable taxes, the total
amount paid, and other required information. The completed transaction is recorded by the
POS system for record-keeping, inventory management, and analytics purposes. This
information assists supermarkets in tracking sales, managing inventory, and optimizing
operations.
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Figure 1. Existing system schema (source: [93], [108], [109])

Associated bottleneck in design architecture of the existing system that hinders the smart cart smooth
operations are listed below. Its reliance on single payment terminal and the potential congestion build-
up during peak hours, exacerbate the checkout queue bottleneck. It is critical to address these
challenges, in order to improve system performance, and the overall customer experience and
satisfaction. These are explained as thus :

a. The checkout queue is a major bottleneck in the current smart cart system, owing to the
reliance on a single payment terminal. Because of this limitation, users must wait in line to
complete their transactions, especially during peak shopping hours. To alleviate this
bottleneck, it is critical to investigate solutions such as increasing the number of payment
terminals, implementing alternative payment methods directly through smart carts, and
incentivizing off-peak shopping times, and

b. Limited payment options is an important factor that can affect user convenience and
satisfaction in the smart cart system. When a system only supports one payment method, it
may limit users who prefer or rely on alternative payment methods. This limitation can cause
frustration and result in abandoned transactions.

2.1. Proposed Sensor-based Smart-Cart with Self-Payment Mode (WiSeCart)

The integration of a self-payment system with NFC technology represents a crucial advancement in
the shopping and checkout experience. This innovative feature, by giving users control over their
transactions, reduces reliance on traditional cashier services. Customers can easily scan selected
items and make quick, secure payments with a tap using NFC-enabled devices like dedicated NFC
cards.
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This transformative approach not only streamlines the checkout process, but also fosters a sense of
autonomy, convenience, and speed, redefining the dynamics of the traditional shopping journey.

1.

Hardware Setup: The central component in creating the hardware setup for an
Internet of Things (IoT) project is an loT development board with NFC capabilities,
such as the Arduino Uno. This board serves as the operation's brain, allowing
communication with NFC-enabled devices via an NFC reader module. The
incorporation of NFC technology allows for seamless interaction and data exchange
between the loT system and other NFC-enabled devices. The Arduino Uno acts as a
versatile microcontroller, allowing developers to implement custom NFC-based
functionalities and responses.

NFC Sticker Integration: The integration of NFC sticker technology in the proposed loT
system is critical for improving product identification and information retrieval. Each
product in the ecosystem is given a unique NFC sticker that serves as a digital
identifier and contains important information about the item. These details typically
include the product's name, price, and a unique identifier specific to that product. The
NFC stickers serve as data carriers, storing important information in a small and easily
accessible package. When a product meets an loT development board outfitted with
an NFC module, the latter begins a read operation on the NFC sticker. The NFC
module extracts the sticker's stored data, effectively capturing the product's essential
details. The NFC sticker's seamless interaction with the loT system enables efficient
data retrieval, allowing users or the system itself to quickly access and process
information about each product. Through the integration of NFC sticker technology
into the broader loT framework, this approach not only streamlines inventory
management but also improves user experiences by providing instant and accurate
product information.

Payment Integration: A payment integration feature is introduced to facilitate secure
and convenient transactions within the loT system, leveraging NFC cards, particularly
contactless credit, or debit cards. Users can make purchases by tapping their NFC
cards on the NFC reader module on the loT development board. NFC cards function
as personalized digital wallets, storing the user's information as well as a secure PIN
for authentication. When a user initiates a purchase, the IoT board's NFC reader
module communicates with the NFC card to obtain the necessary payment
information. This secure communication ensures that sensitive data, such as the
user's credit/debit card details and PIN, are encrypted and protected during
transmission. The loT system compares the user's credentials to the information
stored on the NFC card, ensuring a safe and authorized transaction. The use of NFC
cards for payments improves the overall user experience by providing a quick and
contactless way to complete transactions within the loT ecosystem. This method not
only simplifies the payment process but also adds an additional layer of security,
making it a practical and user-friendly solution for incorporating financial transactions
into the larger loT framework.
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Figure 2. Proposed WiseCart Franmework

ExpressJS Server: To manage data flow from WiSeCart, we use the Express.JS server as
system backbone. The server hosts dedicated APl endpoints and data of the WiSeCart
(alongside customer data) and product details as read from the NFC stickers - can be
accessed and processed. The server is equipped with a robust payment logic, responsible
for handling secure transactions. With payment initiated, WiSeCart sends customer
details and product data obtained from the NFC sticker to the server via a designated API
endpoint. Server then executes the payment logic, verifying and validating the authenticity
of the transaction as checked against the customer credentials to ensure funds
availability. After payment is processed, the server prompts WiSeCart of the transaction
outcome as either validated or declined. Where a payment is successful, the server
communicates the necessary confirmation allowing WiSeCart to finalize the purchase.
Conversely, it seeks to resolve discrepancies via provision of the appropriate feedback to
the server that enablesWiSeCart to handle the situation accordingly via alternate route.
The integration of ExpressJS enhances WiSeCart’s scalability and responsiveness to the
loT ecosystem. And it further ensures efficient interaction between the wireless sensors
on the cart and the server. This server-driven approach allows for both centralizes
payment logic, facilitates real-time updates, and seamless coordination within the
system.
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The integration of a self-payment system with NFC techy will yield: (a) reduced queue time allowing
customers to finish their shopping and checkout more quickly, (b) this automation will increase
inventory management efficiency with reduced errors from customer entry, and (c) improved data
management capabilities that can also be used to study customer behavior for improved customer
service delivery with informed managerial decision support.

3. RESULTS AND DISCUSSION

3.1. The Performance Evaluation

Table 2 shows performance evaluation metric findings using a variety of the indices from the system.
We evaluated using these features to include: (a) access control, (b) scalability, (c) reliability, (d) error
handling, (e) users’ usability convenience and satisfaction, (f) compatibility with several NFC devices,

and (g) fault tolerance.

Table 2. Performance Results for System Test

Test Metrics

Description

Result

Access Control
Speed

Physical Security

Reliability

User convenience

System stability
and fault
tolerance

System
compatibility with
NFCs

Error Handling

Scalability

The time it takes for the system to grant or
deny access to the door to any user

The system’s ability to withstand physical
stress and external tampering

System’s ability to accurately read the
virtual key-card and control the locks
based on the access rights defined in the
web-application

The ease with which a user uses the virtual
key-card and web application

The system’s ability to operate reliably over
a prolonged period of time

It describes how compatible system is with
many other devices with NFC capabilities
such as laptops, smartphones etc

The ability for a system to support a large
number of users and access points, handle
concurrent requests, invalid NFC tags and
WiFi connectivity issues

Ability to support large number of users
and access points, handle concurrent
requests, invalid NFC tags and WiFi
connectivity issues and not compromise
performance or security

It takes an average of 1.8seconds for access
to be granted if the tag is used, and 1.1secs if
the web-request is used

Resistant to external tampering and physical
stress, with no reported incidents of
unauthorized access or damage

System had 99.5% accuracy in reading key-
card, controlling the locks to lock/unlock
states based on access rights defined in the
web app

Users found the virtual key cards and web
apps quite easy to use and convenient, with no
major use issues or complaints

The system operated reliably over a prolonged
period of time, with no reported incidences of
downtime and failure to access the network
System is compatible with devices and techs
that incorporated WIFI, Bluetooth and NFCs

The system was found to support large
number of client and user access points with
no performance degradation and security
issues reported

The system was found to support large
number of client and user access points with
no performance degradation and security
issues reported

62



social Informatics
Business, Politics, Law, Environmental Sciences & Technology

Vol 10, No 1, March, 2024 Series

The system yields an 99.5% accuracy in reading the NFC device or card use for authenticating payment
of transactions and to aid effective communication between the device/tags and the WiSeCart as
defined access rights on web app [110], [111]. The system had 97% fault-tolerance, and compatible
with major NFC tags to allow for its sticker communication [112]. We successfully used an ESP32
controller, NFC devices, web API, and a web app to manage the transaction interaction access for
authorized customer [66]. System provisioned real-time access control. Study has also contributed by
demonstrating the inherent potentials in the use of loTs/embedded systems to provide innovative
solutions to complex tasks in various industries [113]. System yields several benefits like increased
security, efficiency, and convenience. It also eliminates the challenges associated with the existing
system of long-waiting and dissatisfied customer experience [114]-[116].

3.2. Discussion of Findings
Table 3 is the system test results, explained as thus:

Table 3. Performance Evaluation for the Experimental Setup

Test Metrics Description Result
Successful access using The payment upon presenting an authorized NFC tag Pass
authorized NFC tags
Failed access using invalid or Payment remains inaccessible and undone upon Pas
use of unauthorized NFC tag  presenting an unauthorized NFC smart-card and/or tag
Error Handling for invalid NFC  System displays appropriate error message on the web Pass
tag application and serial monitor upon presenting an invalid

NFC tag
Compatibility with the different System is able to read and grant payment access to Pass
types of NGFC tags different types of NFC tags

Table 1 shows performance result of integrating NFCs with shopping trolleys. This was evaluated based
on access speed, reliability, and user convenience - as agrees with [117], [118]. The access control
speed was evaluated by measuring the time it took for the system to either grant or deny access to
payment via NFC. It was fast and responsive with access and denial of access to payment features
within 3seconds. This quick response time allowed for smooth and efficient access management as
with [119]-[1241].

4. CONCLUSIONS

With the current surge in technological development and its consequent widespread adoption -
technology has today become the new frontier to drive businesses with technology-rich strategies so
that they can now operate more efficiently, productively, and profitably. Despite the enormous amount
of data generated daily, we have observed that the shopping trolleys have remained a bit not up-to-
date with technology especially with the birth of the NFCs and blockchain [122]-[125]. In addition,
we tested for reliability via the system's capability to accurately read the NFC tag or device, and enable
payment authorization based on the access rights defined in the web application [126]. The system
was found to be reliable, with no instances of incorrect access granted or payment declined/denied
[127].
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The system was also found to be secure and able to withstand physical stress - even with external
influence [128]-[130]. Customer experience and convenience was evaluated by assessing the ease
of usage and its integration into the existing model vis-a-vis its web app [131]-[133]. The system was
easy to use, with no special training required. The web app is user-friendly and intuitive, with a simple
and straightforward interface, which agrees with [134]-[136].

We present a wireless sensor-based smart cart system (WiSeCart) support to ease customer shopping
experience and reduce the waiting time experienced during checkout. Our contributions include: (a)
used the sensor-based cart as foundation for the shopping carts with web app/tech, (b) used NFC tags
to identify devices/cards to aid payment for transaction of items placed in the cart [30], [137], [138],
(c) optimized WiSeCart system to improve customer experience and satisfaction vis-a-vis become a
veritable tool to easy manageability and traceability of inventory for superstores [139]-[141], and (d)
yield the requisite knowledge required to study customer behavioral analysis for attrition and churn
[142]-[144].
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